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P E E F A C E. 


The Eiglith Edition of this work has been carefully revised and to 
a great extent rewritten, the main object of the Editors being to 
preserve, as far as is possible within the limits of a single volume, 
the original character of the book as a text-book and as a work 
of reference. 

Considerable changes have been made in the arrangement of 
the subject-matter. Thus, the portions dealing with the more 
theoretical aspects of the science, formerly distributed throughout 
the work, have now been collected in a single chapter and much 
enlarged. This chapter has been placed after the consideration of 
the non-metallic ^elements, as experience has shown that such 
theories are better- understood when some kjr^wledge has been 
gained of the facts from which they are deduced.'.\ 

In the portion dealing with Organic Chemisfe’y ;the arrangement 
of some of ,the sections has been altered i^'^oiddr to render more 
evident the ' Relationships existing betwegh._^'t]i6.''‘Yarious classes of 
compounds. ’'Por the same reason the, u^u^l separation of the 
subject into two 'divisidfts, dealing with- the fatty and the aromatic 
derivatives respectively, -"has hot been adopted, the compounds of 
both classes having been considered together in their appropriate 
sections. 

Several new woodcuts have been introduced, and some which 
were considered obsolete have been removed. 

The Editors desire to remind both Teachers and Students that 
those portions of the subject which are of greater importance to the 
beginner have been printed in the larger type, whilst the use of 
the smaller type has been confined to those portions which are of a 
more advanced nature. 


King’s College, Loudon. 
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INTR0]&4Tf!'ra«t 


The special province of Chemistry is the study of such changes in the 
properties of matter as are typified by the rusting of iron. 

"When the rust is examined it is found to be essentially different 
from the iron, which may be said to have changed its nature in 
becoming rust. 

The melting of iron when it is very strongly heated is also a change 
in the nature of the metal, for the properties of a liquid are palpably 
different from those of a solid. 

The two changes are, however, dissimilar in character ; for the rust 
will not again become iron when left to itself, whereas the liquid iron 
will again become solid when allowed to cool, and the cold mass will in 
no way differ from the original iron. 

Both phenomena are accompanied by an alteration of the iron from 
the grey, solid form in which it generally exists, but the phenomenon 
of rusting produces a change which is permanent, whilst that of lique- 
faction produces a change which is only temporary. 

A distinction is generally drawn between these two , kinds of change 
by calling the pei'manent kind a chemical change, and the temporary 
land a, physical change. 

An instrument indispensable for the study of chemistry is the 



rig. I. 

balance (fig. i) — a pan.' of scales sufficiently sensitive to show small 
variations of weight. 

A 
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If a portion of iron be weighed before and after it has rusted, the 
iron, together with its coat of rust, will be found to be heavier than the 
original iron. 

Since matter, in a chemical sense, is anything which possesses weight, 
the quantity of matter in the rust is greater than that in the iron. It 
must not be supposed that anvtmatter has been created during the rust- 
ing. The matter which has now become attached to the ii’on has been 
acquired from the atmosphere, where it previously existed in the in- 
visible, but none the less weighable, form of matter, the gaseous 
state. 

Another common example of a chemical change is furnished by heat- 
ing a lump of marble at a red heat. There is here no very conspicuous 
alteration in the appearance of the marble, although the structure of 
the piece will be seen to have been somewhat modMed. It can easily 
be shown, however, that there has been a permanent change wrought 
in the marble, for when the lump has cooled it mil be found to become 
hot again, and to crumble to powder when water is poured upon it ; 
neither of these manifestations occurs when marble is wetted with 
water. 

By weighing the marble before and after it has been heated, a loss of 
weight ^vill be proved to have occurred during this chemical change — a 
quantity of matter has left the marble. 

Here, however, thei-e has been no destruction of matter ; that which 
has left the marble has disappeared because it has been converted into 
the invisible or gaseous form, and has spread itself thi’ough the sur- 
rounding atmosphere. 

By allowing iron to rust in a tightly-corked bottle (containing aii’), 
and by heating marble in an apparatus designed to prevent the gas 
which is evolved from passing into the suiTOunding atmosphere, it can 
easily be demonstrated that neither the bottle nor the apparatus alters 
in weight during the rusting or heating. 

A little reflection will show the reason for this. When an 
empty ” bottle is tightly corked there is enclosed in it a portion 
of the atmosphere, which will be weighed with the bottle and will 
remain unchanged until the cork is removed. If iron be also in 
the bottle, it will rust by attaching to itself a portion of the atmo- 
sphere present, and the atmosphere will lose just as much matter 
as the iron gains during the process, so that the total amount 
of matter, and therefore of weight, in the bottle remains un- 
altered. 

So, also, when the apparatus containing the marble is heated, the gas 
which leaves the marble is restrained from disseminating itself through 
the sm-rounding atmosphere and from no longer aflbcting the balancp. 
When kept, as it were, on the balance pan by being suitably caught, it 
is weighed with the rest of the marble, so that there is the same quan- 
tity of matter on the pan as there was before, and the total weight 
remains unaltered. 

The above observations are concisely expressed in the definition of 
the principle of the conservation of matter : — In any space the total 
quantity of matter remains the same, although the matter may move 
from one part of the space to another or be transformed from one kind 
of matter into another. The special enclosure of the iron and the 
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marble would be unnecessary for the above proof of the principle, 
were it possible to weigh the whole room in which the experiments are 
performed. 

The two chemical changes which have been so far discussed are essen- 
tially different, in that the iron has had another kind of matter (the 
oxygen gas of the atmosphere) added, to it, whilst the marble has 
had another kind of matter (the gas carbon dioxide) seiiarated 
from it. 

The first kind of change, the addition of two or more kinds of matter 
to each other producing a third kind, is known as chemical combination. 
The latter, the separation of one land of matter into two or more 
■ different kinds, is known as chemical decomposition. 

It has been found that iron can only ruidergo the first kind of 
chemical change — ^it can onl}' be converted into another kind of matter 
by chemical combination ; iron cannot be decomposed. Much investi- 
gation has shown that this peculiarity of iron is shared by 69 
other kinds of matter, so that all substances fall into two classes, 
namely : 

Elements,, or those substances which are incapable of decom- 
position. 

Compounds, or those substances Avhich can be decomposed. 

The substances in the latter class are, of course, much more 
numerous than the elements. They may be decomposed into other, 
simpler compounds, or into the elements of which they consist. 

Thus, the first products of the_ decomposition of marble are lime (the 
solid referred to above as becoming hot when water is poured upon it), 
and carbon dioxide gas. Each of these, however, is itself a compound, 
and can be further decomposed (not by heat), the first into calcium and 
oxygen, the second into carbon and oxygen. These three substances — 
calcium, carbon, and oxygen — are not capable of decomposition, so far 
as we know. 

The following list includes the various kinds of matter at present 
believed to be elements. It will be understood that the category is 
liable to both extension and contraction; for the discovery of new 
elements, the existence of which has been unsuspected, or the demon- 
stration that what has heretofore been called an element is in reality a 
compound, may at any time necessitate an alteration of the list. The 
reason for the division of the elements into non-metals and metals will 
be given hereafter. 


The Eon-hfetallic Elements are (15). 


Oxygen. 

Sulphur. 

Fluorine. 

Hydrogen. 

Selenium. 

Chlorine. 

Nitrogen. 

Tellurium. 

Bromine. 

Carbon. 


Iodine. 


Phosphorus. 


Boron. 

Silicon. 

Arsenic.* 



* In many Englieli cliemical works arsenic is classed among the metals, which it 
resembles in some of its properties. 





4 


INTRODUCTION. 


The Metals are (55); 


Cesium. 

Aluminium. 

Zinc. 

Copper. 

Mercury. 

Eubidium. 

Beryllium. 

Nickel. 

Bismuth. 

Silver. 

Potassium. 

Gallium. 

Cobalt. 

Lead. 

Gold. 

Sodium. 

Germanium. 

Iron. 

Thallium. 

Platinum. 

Lithium. 

Zirconium. 

Manganese., 

Tin. 

Titanium. 

Tantalum. 

Molybdenum. 

Tungsten. 

Vanadium. 

Antimony. 

Palladium. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Thorium. 

^yttrium. 

*Brbium. 

Samarium. 

Scandium. 

Cerium. 

Lanthanum. 

*Didymium. 

Niobium. 

* Terbium. 

^Ytterbium. 

■^Thulium. 

Chromium. 

Cadmium. 

Uranium. 

Indium. 

Ehodium. 

Ruthenium. 

Osmium. 

Iridium. 

* 



Many of these elements are so rarely met with, that they have not 
received any useful application, and are interesting only to the j)ro- 
fessional chemist. This is the case with selenium f and tellurium,^ 
among the non-metallic elements, and with a large number of the metals. 

The following list includes those elements with which it is important 
that the general student should become familiar, together "with the 
symbolic letters by which it is customary to represent- them, for the 
sake of brevity, in chemical writings : — 


Non-Metallie Elements of practical impwtance (13). 


Oxygen, 

Hydrogen, 

Nitrogen, 

Carbon, 

0 

H 

N 

C 

Sulphur, 

Phosphorus, 

Arsenic, 

S 

P 

As 

Fluorine, 

Chlorine, 

Bromine, 

Iodine, 

F 

Cl 

Br 

I 

Boron, 

Silicon, 

B 

Si 

■ 





Metallic Elements of practical importance (26), 


Potassium, 

K (Kalium) 

Cadmium, 

Cd 

Sodium, 

Na {Natrium) 

Uranium, 

U 

Barium, 

Ba 

Copper, 

Cu {Cuprum) 

Strontium, 

Sr 

Bismuth 

Bi 

Calcium, 

Ca 

Lead, 

Pb {Plumbum) 

Magnesium, 

Mg 

Tin, 

Sn {Stannum) 

Aluminium, 

A1 

Titanium, 

Ti 

Zinc, 

Nickel, 

Zn 

Ni 

Tungsten, 

Antimony, 

W {Wolframmm) 

Sb (Stibium) 

Cobalt, 

Co 

Mercury, 

Hg {Hydrarqyrwni) 

Iron, 

Fe [Ferrum) 

Silver, 

Ag (Argentum) 

Manganese, 

Mn 

Gold, 

Au (Aurum) 

Chromium, 

1 

Or 

Platinum, 

Pt 


* There is some doubt as to the elementary nature of these substances, 
f The remarkable electrical relations of selenium have led to some recent useful appli- 
cations. 
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Although the 39 elements here enumerated are of practical import- 
•ance, many of them derive their importance solely from their having 
met with useful applications in the arts. The number of elements 
known to play an important part in the chemical changes concerned in 
the maintenance of animal and vegetable life is very limited. 


Elements concerned in the Chemical Changes lahing place in Life. 


Non-Mctallic. 

Metallic. 

Oxygen. 

Hydrogen. 

Nitrogen. 

Carbon. 

Silicon. 

Sulphur. 

Phosphorus. 

Chlorine. 

Iodine. 

Potassium. Aluminium. 

Sodium. 

Calcium. Manganese. 

Magnesium. 


These elements, will of course, possess the greatest importance for 
those who study Chemistry as a branch of general education, since a 
knowledge of their properties is essential for the explanation of the 
simple chemical changes which are daily witnessed. 

The student who takes an interest in the useful arts will also 
acquaint himself with the remainder of the 39 elements of practical 
importance, whilst the mineralogist and professional chemist must 
extend his studies to every known element. 

By far the greater proportion of the various materials supplied to us 
by animals and vegetables consists of the four elements — oxygen, 
hydrogen, nitrogen, and carbon ; and if we add to these the two most 
abundant elements in the mineral woidd, silicon and aluminium, we 
have the six elements composing the bulk of all matter. 

The formation of a chemical compound consists in the combination 
of two or more elements, brought about by the inherent attraction of 
the elements for each other. This attraction varies between different 
elements. Whilst some combine with each other immediately they are 
brought in contact, others show no such tendency. In the sequel, ’the 
nature of chemical attraction will receive attention. It must here be 
stated that the phenomenon of combination has long been attri-' 
buted to a force termed chemical affinity : thus the rusting of iron 
is said to consist in the formation of a compound of iron with 
oxygen, determined by the chemical affinity of these elements for each 
other.* 

The characteristic of a chemical compound is homogeneity of struc- 
ture. Pure compounds seldom exist in natm’e. The rock called granite, 
for example, is not a single chemical compound, but a mixture of 
chemical compounds, as, indeed, is rendered apparent by a merely 
superficial examination, when it is seen that there are three distinctly 
difibrent substances in the granite. This at once stigmatises the' rock 
as a mixture, for it is never possible to see the elements in a compound. 
"WTien the granite is powdered, a ' microscope is requisite to make its 
heterogeneous character visible, but by taking advantage of some essen- 
tial difference between the properties of the three constituent sub- 

’ Tor the sake of simplicity, no reference has been made to the necessity for the 

E resence of other substances besides oxygen and iron for the formation of rust. It will 
e familiar to most readers that water is one of these essentials. 
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stances — as for instance, the different rates at which they sink in Avaier 
— a separation, more or less perfect, may he effected. 

l^^o such differentiation of the parts of a lump of sugar can be 
detected. This is a pure compound, and is homogeneous, so that Avhen 
it is powdered, every granule of it possesses the same properties as those 
of the whole mass — each will dissolve in water, will taste sweet, &c. 

Thus, a mixture of elements or compounds is readily distinguished 
from a pure compound by the fact that each constituent of the mixture 
retains its individual properties, whereas in a pure compound the 
properties of its constituents (elements) are entirely obliterated. 

The majority of natural substances consists of mixtures of com- 
pounds. The classification of the science of chemistry into organic 
chemistry, dealing vuth animal and vegetable substances, and inorganic 
chemistry, dealing with mineral substances, is based on the supposition, 
formerly held, that compounds produced through the operation of 
animal and vegetable life (such as sugar, starch, &c.) are essentially 
different from those which are, or have been, formed Avithout the 
intervention of life. This classification is still adopted as convenient 
for the purposes of study. 

It is the object of the chemist both to determine the constituents of 
CA’^ery substance — a process termed analysis — and to build up every 
substance from its constituents — a process termed synthesis. 

This object has been greatly advanced by the hypothesis as to the 
structure of matter, called the atomic theory. The facts and arguments 
AA’-hich justify this hypothesis will be referred to hereafter. It is, 
hoAvever, essential that, the student should attempt to grasp the 
fundamental conception oh which the theory is based before embarking 
on a study of the relationshipsXbetAveen the elements. 

The theory rests on the foiloAving hypothesis: — ^Wlien matter is 
submitted to a process of subdiAusion, a certain fineness Avill ultimately 
be reached beyond which disintegi-ation will be impossible ; in other 
words, any given mass of matter consists of a number of particles, each of 
which cannot be divided. TJius, when a piece of marble has been 
ground to powder, the single particle has become a large number of 
particles. Now,. by the hypothesis stated above, could the process of 
grinding be perfected, a stage would be reached when it would be 
impossible to further increase the number of these particles, for each 
Avould be indivisible. The rdtimate particle of marble would then 
have been attained. These ultimate particles of matter are called 
molecules. 

But it has been already stated that when mai-ble is heated, it is 
decomposed into lime and carbon dioxide, so that it is possible to sub- 
dmde marble by a process other than mechanical grinding, but the 
product is no longer marble. What is true of the lump of marble 
should be true also of its mechanically indiAusible par’ticle, or molecule. 
The molecules of marble can still be divided by decomposing them. 

It is highly probable that the molecules of marble, were they 
separated, would be found to be invisible. The smallest visible particle 
of marble is probably an aggregate of many molecules. It is not 
possible to render marble invisible, because we have no means for 
moAung the molecules which make up these aggregates appreciably 
further from each other. This is because the method usually adopted 
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for the purpose of separating molecules from each other — namely, the 
application of heat — decomposes the molecules of marble. 

There are many substances, however, the molecules of which are not 
decomposed by a moderately intense heat, and are moved so far apart 
from each other by the application of this agency, that the whole mass 
becomes invisible. Water is a familiar example, steam being invisible 
until it is so far chilled that the separated molecules have come 
together again to form visible particles. Gases which remain such at 
the ordinary temperature require to be very much chilled in order to 
bring their molecules sufficiently close to each other to form visible 
particles — ^in other words, to convert the gas into a liquid. 

There are several methods for subdividing a substance without 
decomposing it, of which two (mechanical grinding and the application 
of a moderate heat) have been quoted. Such methods may be called 
physical methods of subdivision, inasmuch as they do not produce a 
chemical change. 

A Molecule may now be defined as the smallest particle of matter 
which can be obtained by physical methods of subdivision. 

Inasmuch as an element cannot be decomposed, its molecules must 
be incapable of any further division such as that possible for the 
molecule of a compound Uke marble. This is true when the molecules 
of the element exist by themselves ; there is no evidence to show that 
the molecules of oxygen, for instance, can be divided so long as the 
oxygen exists by itself in an uncombined condition. 

There is excellent evidence, however, that the molecules of many 
compounds contain half the quantity of oxygen that the molecule of 
this element contains. It must be admitted-, therefore, that the oxygen 
molecule consists of two parts, which can'' only be separated from each 
other when the molecule enters into conihir ation. The same argument 
applies to other elements, the moleculfs of the majority of which 
consist of two parts, although several contain a large number, and some 
only one. ^ 

These parts of elementary molecules are indivisible either by physical 
or chemical methods ; they are therefore the true indivisibles or atoms. 

An Atom may be defined as the smallest particle of an element 
which can exist in combination. 

A consideration of the above definition, together with that given for 
a compound, will show that to speak of the atom of a compound would 
be a contradiction of terms. 

What has been said above as to the fundamental conception of the 
atomic theory, may be thus summarised. Matter is not capable of in- 
finite subdivision, but consists of particles which are indmsible and are 
called atoms ; these have no separate existence, but occur in combination 
•\vith each other to form molecules, which are the smallest particles 
capable of separate existence. When the atoms thus united are of the 
same kind, the molecule is that of an element ; when they are of differ- 
ent kinds the molecule is that of a compound. When compound 
molecules are decomposed the atoms of the constituent elements are 
momentarily liberated, but immediately recombine to form new mole- 
cules. 

It is agreed among chemists that the symbol for an element shall 
represent one atom and a certain number of parts by weight of the 
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element. ' This figure is termed the atomic weight of the element, and 
is believed to be the number of times that an atom of the element is 
heavier than an atom of the gaseous ■ element hydrogen. It is an 
abstract number, and may represent any units of weight. Thus, the 
symbol 0 means one atom of oxygen and i6 unit weights of oxygen — ^it 
may be i6 grains, i6 lbs., i6 grams, etc. 

In the case of the majority of those elements which can be obtained in 
the form of gas, this atomic Aveight may be fixed by ascertaining hoAV 
many times a volume of the element in the state of gas’is heavier than an 
equal volume of hydrogen, weighed at the same temperature and pres- 
sure.'* This value is the physical constant called the specific gravity of the 
gas, and its determination is effected by weighing a stoppered globe (such 
as that shown in fig. 5 1), of known weight, first when it is full of hydrogen, 
and then when it is full of the gas whose specific gravity is to be deter- 
mined ; obviously, the specific gravity of the gas will be the quotient, 

weight of (globe -1- gas) — weight of globe 
weight of (globe + hydrogen) - weight of globe. 

For the present, the Atomic Weight of an element may be defined 
as the number of times that a volume of the element in the state of gas 
is heavier than an equal volume of hydrogen at the same temperature 
and pressure. 

Since the atomic theory does not admit of the existence of the atom 
of a compound, a compound cannot have an atomic weight. 

It follows from the above definition of atomic weight that if the 
volume of one unit weight of hydrogen be called unit volume, the 
atomic weight of any other gaseous element, ejipressed in the same 
units, must be called one volume. For example, if the volume occupied 
by one gram, of hydi'ogen be called one volume, 16 grams of oxygen will 
also occupy one volume. Each symbol, therefore represents one volume 
of the element in the state of gas. 

Since, in most cases, the molecule of an element contains two atoms, 
the symbol for the molecule will be the initial followed by the figure 2, 
preferably written below the line ; thus, H, and O3 represent molecules 
of hydrogen and oxygen respectively. Such a symbol Avill also re- 
present twice the atomic weight of the element, meaning 2 parts by 
weight, or two volumes, of hydrogen; 0,= i6x2==32 parts by Aveight, 
or tAVo volumes of oxygen. 

The symbol for a compound is called a formula. The molecule of a 
compound consists of atoms of its constituent elements united together, 
so that the formula for the molecule may be represented by Avriting the 
symbols for these atoms side by side ; thus, HOI represents a molecule 
of a compound of hydrogen with chlorine; HON, the molecule of a 
compound of hydrogen, carbon, and nitrogen. When analysis shoAvs 
that there are 2, 3, or 4 atoms of the same element pres'ent in one 
molecule of the compound, this is expressed by Avriting 2, 3, or 4 after 
the symbol for the element. Thus HjSO^ represents a compound 
whose molecule contains two atoms of hydrogen, one atom of sulphur, 
and four atoms of oxygen. 

* It Avi]l be remembered that gases expand in volume Avhen heated or when submitted 
to a reduced pressure ; bence’a given volume of gas never has the same weight unless its 
temperature and pressure are the same each time it is weighed. 
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The number of parts by weight expressed by the formula for a com- 
pound will be the sum of the atomic weights of the elements present ; 
thus HOI means i+35'5 = 36'5 parts by weight of hydrogen chloride; 
HOIST means 14-12 + 14 = 27 parts by weight of hydrogen cyanide; 
HjSO^ means (i x 2) + 32 + (16 x 4) = 98 parts by weight of sulphuric 
acid. 

The mere contact or mixture of substances is expressed by the sign 
+ ; thus Hj + 01, would imply that a molecule of hydrogen had been 
brought into contact with a molecule of chlorine. 

From the point of view of the atomic theory, chemical combination is 
regarded as consisting of the exchange of atoms in one molecule for 
those in another, when the molecules are brought in contact. 

For example, chemical combination takes place between hydrogen 
and chlorine, to form hydrochloric acid, the change being represented 
by the chemical equation H, + 01 , = 2HOI, which implies that the mole- 
cules of hydrogen and chlorine exchange atoms. 

It will be seen from the statements made above, that this equation 
also implies that 2 parts by weight of hydrogen and 35'5 x 2 parts by 
weight of chlorine, yield 36'5 x 2 parts by weight of hydrochloric acid. 

It must be remembered that a chemical equation is only a short 
mode of expressing the result of an experiment, and cannot be used, like 
a mathematic equation, to effect the solution of a problem. 

A chemical equation may be written to express what is likely to 
result from the action of different molecules upon each other, but it has 
no value until verified by experiment. 

Chemical Decomposition is the separation of the atoms composing a 
molecule, which must precede the formation of a new molecule. Thus, 
the decomposition of steam by a very liigh temperature is expressed by 
the equation 2H,0 = 2H, + 02, which conveys the information that two 
molecules or 36 parts by weight of steam, have suffered chemical de- 
composition, and have formed two molecules or 4 volumes or 4 parts by 
weight of hydrogen, and one molecule or 2 volumes or 32 parts by 
weight of oxygen. 

Chemical changes are always attended by evolution or absorption of 
heat. As a general rule, the formation of compound molecules from 
elementary molecules evolves heat, whilst the formation of elementary 
molecules from compound molecules absorbs heat. Hence it wiU be 
found that the application of heat is generally required for the com- 
mencement of chemical change, in order to effect that sej)aration of 
atoms from their molecules which must precede every chemical trans- 
formation of matter. When any chemical change appeai-s to take 
place without any change of temperature being observed, it is because 
the total heat absorbed in the destruction of the original moleciiles is 
equal to the total heat evolved in the construction of the new molecules. 

The formation of water by the chemical combination of hydrogen 
and oxygen consists in the separation of the atoms which compose the 
oxygen molecule, and of those composing two hydrogen molecules, an 
atom of hydrogen from each hydrogen molecule uniting with an atom 
of ox3’’gen from the oxygen molecule, as expressed in the equation, 
00 + HjS’+HH=HHO + Hfi’ 0 . Here, it is evident that the conver- 
sion of a molecule of oxygen into water is effected by the exchange of 
each of its oxygen atoms for two hydrogen atoms. 
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Since hydrogen is taken as the chemical standard or unit, and one 
atom of oxygen is exchangeable for two atoms of hydrogen, oxygen is 
said to be divalent or diad, often expressed by writing it thus, 0". 
The atoms of some elements are exchangeable for three atoms of hydro- 
gen, and are said to be trivalent or triad!" ; others for four, qua&riva- 
lent or tetrad^'', or for five, quinquivalent ox pentad'’, and so on. 

A convenient classification is thus arrived at, which is liable, how- 
ever, to a great number of exceptions. 

Monads — Br, 01 , F, I, K, Ag, Na. 

Diads — Ba, Od, Ca, Co, Cu, Fe, Pb, Mg, Mn, Hg, Ni, 0 , Sr, S, Zn. 

Triads — Al, Sb, As, Bi, B, Or, Au, N, P. 

Tetrads — 0 , Pt, Si, Sn. 

In studying the properties of bodies, a distinction must be drawn . 
between physical and chemical properties. The physical properties are 
those in which either the mass or the molecules are alone concerned, 
whilst the chemical properties concern the atoms. Thus, the condition 
whether solid, liquid, or gas, the colour, odour, taste, hardness, relative 
weight (or specific gravity), would come under the head of physical pro- 
perties. For a solid, the geometrical form of its crystal and the tem- 
perature at which it melts are important for identification ; and for a 
liquid, the temperature at which it boils. 

Chemists use the metric system of weights and measures. It wiU be 
remembered that the unit of weight in this system is one gram, and 
that the unit of capacity is that volume which one gram of water occu- 
pies at 4° C. (at which temperature a given weight of water has a 
smaller volume than at any other temperature) ; this unit of volume is 
called a cubic centimetre. One thousand cubic centimetres make i litre.. 
One gram is equivalent to 15 '43 grains, and one litre is equivalent to 
I '76 pints. 



mORGAJflO CHEMISTRY. 


CHEMISTRY OF THE HOH-METALLIO ELEMENTS 
AND THEIR COMPOUNDS. 


THE ELEMENTS OF WATER. 

I. A century and a decade have but just elapsed since water ceased 
to be regarded as an elementary form of matter. It was first resolved 
into its constituent elements, hydrogen and oxygen, by subjecting it 
to the influence of the voltaic current, which decomposes or analyses the 
water by overcoming the chemical attraction by which its elements are 
held together. 

An arrangement for this purpose is represented in fig. 2. 



Pig. 2. — Electrolysis of -water. 

The glass vessel A contains -water, to which a little sulphuric acid has heen 
added to increase its power of conducting electricity, for pure water conducts so 
imperfectly that it is decomposed -with great difficulty. B and C are platinum 
plates bent into a cylindrical form, and attached to the stout platinum wires, 
which are passed through corks in the lateral necks of the vessel A, and are con- 
nected by binding screws with the copper wires D and E, winch proceed from 
the galvanic battery G-. H and O are glass cylinders -with brass (or glass) caps and 
stop-cocks, and are enlarged into a bell-shape at their lower ends for the collection 



12 


ELECTEOLYSIS OF WATEE. 


of a considerable volume of gas. These cylinders are filled with ,the acidified 
water by sucking out the air through the opened stop-cocks ; on closing these, 
the pressure of 'the atmosphere will, of course sustain the column of water in the 
cylinders. G is a Grove’s battery, consisting of five cells or earthenware vessels 
(A, fig. 3) filled with diluted sulphuric acid (one measure of oil of vitriol to four 



of water). In each of these cells is placed a bent plate of zinc (B), which has 
been amalgamated or rubbed with mercury (and diluted sulphuric acid) to protect 
it from corrosion by the acid when the battery is not in use. Within the curved 
portion of this, plate rests a small flat vessel of unglazed earthenware (0), fiEed 
with strong nitric acid, in which is immersed a sheet of platinum foil (D). The 

platinum (D) of each cell is clamped, at its upper 
edge, to the zinc (B) in the adjoining cell (fig. 4), 
so that at one end (P, fig. 2) of the battery there 
is a free platinum plate, and at the other (Z) a 
free zinc plate. These plates are connected with 
wires D and E by means of the copper plates L 
and K, attached to the ends of the wooden trough 
in which the cells are arranged. The wire D 
(fig. 2), which is connected with the last zinc 
plate of the battery, is often called the “ negative 
pole,” whilst E, in connexion with the last plati- 
num plate, is called the "positive pole.” 

When the connexion is established by means 
of the wires D and E with the “decomposing 
cell,” or “electrolytic ceE” (A), the “galvanic 
current ” is commonly said to pass along the wire 
E to the platinum plate C, through the acidified 
water in the electrolytic cell, to the platinum 
plate B, and thence along thfe wire D back to the 
battery. 

Since the electricity travels into and out of 
the electrolytic cell by the plates B and C, these 
are called the electrodes (riXeKTpoi’, amber — ^root of 
electricity ; boos, a way). The plate 0, or way 
into the cell, is called the anode (am, towards ; 
65os) ; the plate B, or way out of the cell is the 
cathode (xara, away from ; 66oj). 

A very elegant apparatus (fig. 5) has been de- 
vised by Dr. Hofmann for exhibiting the decom- 
Fig. 5, — Electrolysis of water, position of water by the galvanic current. The 

water displaced by the gases accumulating in the 
tubes h, o, collects in the bulb h upon the longer branch, and exerts the pressure 
necessary to force the gases out when the stop-cocks are opened. The stop-cocks, 
being made of glass, are not corroded by the acid. 

2. During this “ passage of the current” (which is only a figurative 
mode of expressing the transfer of the electric influence), the water 
intervening between the plates B and C is decomposed, its hydrogen 
being attracted to the plate B (negative pole or cathode), and the 
oxygen to the plate 0 (positive pole or anode). The gases can be seen 
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adhering in minute bubbles to the surface of each plate, and as they 
increase in size they detach themselves, rising through the acidified 
water in the tubes II and O, in which the two gases are collected. 

Since no transmission of gas is observed between the two plates, it 
is evident that the H and 0 sepai-ated at any given moment from each 
plate do not result from the decomposition of one particle of water, but 
from two particles, as represented in fig. 5, where A represents the 
particles of water lying between the plates P and Z before the 
“ current ” is passed, and B the state of the particles when the current 
has been established. P is (the anode) in connection with the last 
platinum plate of the battery, and Z is (the cathode) in connection 
with the last zinc plate. 
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Fig. 6. 


The signs + and - made use of in B refer to a common mode of 
accounting for the decomposition of water by the battery, on the sup- 
position that the oxygen is in a negatively electric condition, and 
therefore attracted by the positive pole P ; whilst the hydrogen is in a 
positively electric condition, and is attracted by the negative pole Z. 

In the foregoing explanation, the part played by the sulphuric acid has been 
omitted for the sake of simplicity. Pure water could not be decomposed unless 
by a very much stronger battery. For a discussion of the part played by the 
sulphuric acid the reader must refer to the chapter on Some General Principles. 

The decomposition of compounds by galvanic electricity is termed 
electrolysis.^'' When a compound of a metal with a non-metal is decom- 
posed in this manner, the metal is usually attracted to the (negative) 
pole in connection with the zinc plate of the battery, whilst the non- 
metal is attracted to the (positive) pole connected with the platinum 
plate of the battery. 

Hence the metals are frequently spoken of as electro-positive elements, 
and the non-metals as electro-negative. ' 

3. If the passage of the “current” be interrupted when the tube H 
has become full of gas, the tube O will be only half full, since ivater is 
a compound of hydrogen and oxygen in the proportion of two volumes of 
hydrogen to one volume of oxygen.'f When the wider portions of the 
tubes (fig. 2) are also filled, the two gases may be distinguished by 
opening the stop-coclcs in succession, and presenting a burning match. 
The hydrogen -will be kno'svn by its kindling with a slight detonation, 
and burning with a very pale flame at the jet ; whilst the oxygen will 
very much increase the brillianfcy of the bmming match, and if a spark 

* 'nxerpor, amber — root of clectricHij; Xvu, to loosen, 

+ The volume of the oxygen is always found to be slightly less than one-half the 
volume of the hydrogen in this experiment, both because the solubility of oxygen in 
water is rather greater than that of hydrogen, and because a small proportion of the 
oxygen is evolved in the condition of ozone, which occupies only two-thirds of the 
volume occupied by an equal weight of oxygen (see Ozone). 
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left at‘ the extremity of the match be presented to the oxygen, the 
spark will be kindled into a flame. 

A volume of oxygen weighs i6 times as much as an equal volume 
•of hydrogen, so that if one volume of hydrogen be said to weigh one 
part by weight, one volume of oxygen ^vill weigh i6 parts by weight. 
But in water the proportion of hydrogen to oxygen is 2 volumes : i 
volume. Therefore the proportion by weight of these two elements 
in the water must be 2 : 16, or toater is a compound of hydji'ogcn mid 
oxygen in the 'proportion of 2 parts hy toeight of hyd/rogen to lO parts hy 
weight of oxygen. Since the atom of oxygen is believed to weigh r6 
times as much as the atom of hydrogen, the simplest view of the com- 
position of the molecule of water is that it contains 2 atoms of hydrogen 
and I atom of oxygen; its formula may therefore be represented 
as HgO. 

Another method of eflfecting the decomposition of water by electri- 
city consists in passing a succession of electric sparks through steam. 
It is probable that in this case the decomposition is produced rather 
by the intense heat of the spark than by its electric influence. 

Bor this purpose, however, the galvanic battery does not suffice, 
since no spark can be passed through any appreciable interval between 
the wires of the battery, — a fact which electricians refer to in the 
statement that although the quantity of electricity developed by the 
galvanic battery is large, its tension or pressure is too low to allow it to 
discharge itself in sparks like the electricity from the machine or from 
the induction coil, which possesses a very high tension, though its 
quantity is small. 

4, The most convenient instrument for producing a succession of ■ 
electric sparks is the induction-coil, in which a current of low tension, 
sent from a weak battery through a coil of stout wire and back to the 
. battery, induces or excites a current of high tension in a coil of thin 
wire of great length, wound outside the thick coil. This current is 
capable of discharging itself in sparks, such as are obtained from the 
electrical machine. 



Pig. 7, — Decompositioa of steam by electric sparks. 


Pig. 7 represents the arrangement for exhibiting the decomposition of steam 
•by the electric spark. 

A is a half-pint flask furnished -with a cork in which three holes are bored ; in 
one of these is inserted the bent glass tube B, which dips beneath the surface of 
the water in the trough 0. 

D and E are glass tubes, in each of which a platinum wire has been sealed so 
as to project about an inch at both ends of the tube. These tubes are thrust 
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tlirougli the holes in the cork, and the wires projecting inside the flask are made 
to approach to within about x^th of an inch, so that the spark may easily pass 
between them. 

The flask is somewhat more than half filled with water, the cork inserted, and 
the tube B allowed to dip beneath the water in the trough, the wires in D and E 
being connected with the thin copper wires passing from the induction-coil F, 
which is connected by stout copper wires with the small battery G-. 

The water in the flask is boiled for about fifteen minutes, until all the air con- 
tained in the flask has 'been displaced by steam. When this is the case, it will 
be found that if a glass test-tube (H) filled with water be inverted* over the 
orifice of the tube B, the bubbles of steam will entirely condense, with the usual 
sharp rattling sound, and only insignificant bubbles of air will rise to the top of 
the test-tube. If now, whilst the boiling is still continued, the handle of the 
coil (F) be turned so as to cause a succession of sparks to pass through the steam 
in the flask, large bubbles of incondensable gas will accumulate in the tube H. 
This gas consists of the hydrogen and oxygen gases in a mixed state, having been 
released from their combined condition in water by the action of the electric 
sparks. The gas may be tested by closing the mouth of the tube H with the 
thumb, raising' it to an upright position, and applying a lighted match, when a 
sharp detonation will indicate the re-combination of the gases.f 

It has long been known that a very intense heat is capable of decomposing 
’ water. The temperature required for the purpose is below the melting-point of 
platinum, as may be shown by the apparatus represented in fig. 8, 



A platinum tube (<) is heated by the burner 6, the construction of which is 
shown at the bottom of the cut. It consists of a wide brass tube, from which 
the coal-gas issues through two rows of holes, between which oxygen is supplied 
through the holes in the narrow tube, brazed into a longitudinal slit between the 
two rows of holes in the gas tube. The oxygen is supplied from a gas bag or 
gas-holder, with which the pipe (o) is connected. 

The flask (/) containing boiling water is furnished with a perforated cork, 
carrying a brass.tube (a), which slips into one end of the platinum tube, into the 
other end of which another brass tube (c) is slipped ; this is prolonged by a glass 
tube attached by india-rubber so as to deliver the gas under a small jar standing 
upon a bee-hive shelf in a trough. 

The platinum tube is not heated until the whole apparatus is full of steam, and 
no more bubbles of air are seen to rise through the water in the trough ; the gas 
burner is then lighted, and the oxygen turned on until the platinum tube is 
heated to a very bright red heat ; bubbles of the mixture of hydrogen and oxygen 

* The end of the tube B should be bent upwards and thrust into a perforated cork 
with notches cut down the sides. By slipping this cork into the neck of the test-tube, 
the latter will be held firmly. 

t With a powerful coil, a cubic inch of explosive gas may be collected in about fifteen 
minutes. 
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resulting from the decomposition of the water may then be collected in the small 
jar, and afterwards exploded by applying a flame. 

In these experiments, the high temperature to which the steam is exposed 
causes its molecules to vibrate with such high velocities that the equilibrium of 
chemical attraction between their component atoms is disturbed, and new mole- 
cules of hydrogen and oxygen are produced. These are immediately carried out 
of the heated region by the current of steam. 

5. In this case, the force of chemical attraction holding the atoms 
of oxygen and hydrogen together in the form of water, has been over- 
come by the physical force of heat. But water may be more easily 
decomposed by acting upon it with some element which has sufficient 
chemical energy to enable it to displace the hydrogen. 

No non-metallic element is capable of effecting this at the ordinary 
temperature. Among the practically important metals, there are five 
which have so powerful an attraction for oxygen that it is necessary to 
preserve them in bottles filled with some liquid free from that element, 
such as petroleum (composed of carbon and hydrogen), to prevent them 
from combining with the oxygen of the atmosphere. These metals are 
capable of decomposing water with great facility. 

Metals which decompose loater at the ordinary temperature. — Potas- 
sium, Sodium, Barium, Strontium, Calcium. 

6. When a piece of potassium is thrown upon water, it takes fire and 
burns with a fine violet flame, floating about as a melted globule upon 
the surface of the water, and producing in the act of combination 
enough heat to kindle the hydrogen as it escapes. The violet colour of 
the fl^ame is due to the presence of a little potassium in the form of 
vapour. The same results ensue if the potassium be placed on ice. The 
water in which the potassium has been dissolved Avill be found soapy to 
the touch and taste, and will have a remarkable action upon certain 
colouring matters. Paper coloured with the yellow dye turmeric 
becomes brown when dipped in it, and paper coloured with red litmus 
{archil) becomes blue. Substances possessing these propertied have 
been known from a very remote period as alkaline substances, ap- 
parently because they were first observed by the alchemists in the ashes 
of plants called kali. The alkalies are amongst the most useful of 
chemical agents. 

7. Definition of an alkali. — A compound substance, very soluble in 
water, turning litmus blue and turmeric brown. 

These alkaline properties are directly opposed to the characters of 
sour or acid'"- substances, such as vinegar or vitriol, which change the 
blue litmus to red. When an acid liquid, such as vinegar (acetic acid) 
or vitriol (sulphuiic acid) is added to an alkaline liquid, the charac- 
teristic properties of the latter are destroyed, the alkali being neu- 
tralised. 

An acid substance may be known by its property of neutralising an 
alkali (either entirely or partly). 

The minute investigation into the action of potassium upon the 
water would require considerable manipulative skill. It would be 
necessaiy to weigh accurately the potassium employed, to evaporate the 
resulting solution in a silver basin (most other materials being corroded 
by the alkali), and after all the water had been expelled by heat, to 
ascertain the composition of the residue by a chemical analysis. 

* From aKTi, a point, referring to the pungency or sharpness of the acid taste. 
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It would be found to contain by weight i part of hydrogen, i 6 parts 
of oxygen, and 3 9 p^rts of potassium. 

Since water contains 2 parts by weight of hydrogen, combined with 
16 parts by weight of oxygen, it is evident that the product of the 
action of potassium on water is formed by the substitution of 39 parts 
of potassium for i part of hydrogen. 

It is found that whenever potassium takes the place of hydrogen in a 
compound, 39 parts of the former are exchanged for one of the latter, 
and this is generally expressed by stating that 39 is the chemical equi- 
valent of potassium. 

The chemical equivalent of a metal expresses the weight of it which 
is required to be substituted for one part by weight of hydrogen in 
compounds of hydrogen. 

8. The action of potassium upon water is an example of the produc- 
tion of compounds by substitution of one element for another, a mode 
of formation which is far more common than the production of com- 
pounds by direct combination of their elements. 

If the symbol K be taken to represent 39 parts by weight of potassium, 
its action upon water would be represented by the chemical equation 

HjO -h K = KOH + H. 

Water, Caustic potash.* 

But since the atoms cannot exist, except in combination as mole- 
cules, it would be strictly correct to write the equation thus : 

2H„0 + IC = 2 KOH + H„. 

Since the molecular equation can always be obtained by doubling the 
atomic equation, the latter will be most commonly given in this work, 
as involving fewer numbers. 

Sodium has a less powerful attraction, or affinity, for oxygen than 
potassium has; it does not, therefore, evolve so much heat when it 
combines with oxygen as potassium evolves under like circumstances, for 
it is generally noticed that the 
greater the affinity between two 
elements the greater will be the 
quantity of heat evolved when they 
combine. Thus sodium does not 
usually take fire when thro-svn upon 
cold water, although sufficient heat 
is evolved to at once fuse the metal. 

By holding a lighted match over 
the globule as it swims upon the 
water, the hydrogen maybe kindled, 
when its flame is bright yellow, from 
the presence of the sodium. The 
solution will be found strongly alka- 
line from the soda produced. By placing the sodium on a piece of 
blotting paper laid on the water, it may be made to ignite the hydrogen 
spontaneously, because the paper keeps it stationary, and prevents it 
from being so rapidly cooled by the water. Several cubic inches of 
hydrogen may easily be collected by placing a piece of sodium as large 

♦ Caustic, from Kat'u, to bum, in allusion to its corrosive properties ; and potasb, from 
its having been originally prepared from the washings of wood ashes boiled down in iron 
pots and decomposed by lime. 

B 
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as a pea in a small wire-gauze box (A, fig. 8), and holding it under an 
inverted cylinder (B) filled with water and standing on a bee-hive 
shelf.® 

The product of the action of sodium upon water contains i part by 
weight of hydrogen, i6 of oxygen, and 23 of sodium, so that the 23 
parts of sodium have been exchanged for, or been found chemically 
equivalent to, i part of hydrogen. 

Taking the symbol Na to represent 23 parts by weight of sodium, its 
action would be expressed thus : HoO -f Na = IfaOH -f H, 

Bai’ium, strontium, and calcium decompose water less rapidly than 
potassium and sodium. 

9. The increase in molecular motion caused by heat disturbs the 
equilibrium of chemical attraction, so that metals which refuse to de- 
compose water at the ordinary temperature, vull do so if the tempera- 
ture be raised, and accordingly magnesium and manganese, which are 
without action upon cold water, decompose it at the hailing point, disen- 
gaging hydrogen, and jDroducing magnesia (MgO, a feebly alkaline 
earth) and oxide of manganese (MnO). 

But the greater number of the common metals must be raised to a 
much higher temperature than this in order to enable them to decom- 
pose water. The following metals will abstract the oxygen from water 
at high temperatures, those at the commencement of the list requiring 
to be heated to redness (about 600° 0.), and the temperature required 
progressively increasing until it attains whiteness for tho^e at the end 
of the list. 

Metals which decompose water at a temperature above a red heat . — 
Zinc, Iron, Chromium, Cobalt, Nickel, Tin, Antimony, Aluminium, 
Lead, Bismuth, Copper. 

The noble metals, as they are called, which exhibit no tendency to 
oxidise in air, are incapable of removing the oxygen from water, ^even 
at high temperatures. 

Metals which are incapable of decQmp>osing water. — Mercuiy, Silver, 
Gold, Platinum. 

Metals decompose water more readily when they are placed in a state of elec- 
trical polarisation by contact with other metals more electro-negative than them- 
selves. Thus zinc, in contact with precipitated copper, will decompose water 
slowly at the ordinary temperature, hydrogen being evolved, and zinc hydrate 
separated in white flakes. 

The copper-zinc couple made by precipitating copper sulphate with zinc foil in 
excess, and washing, is very useful in manj- operations where a slow production 
of hydrogen is required. 


HYDROGEN. 

H = I part by weight = i vol. i grain = 46. 7 cub. in. at 60° P. and 3o"Bar. 

I gramme = 1 1.16 litres at 0° C. and 760 mm. Bar. 

10. Preparation of hydrogen. — The simplest process, chemically speak- 
ing, for preparing hydrogen in quantity, consists in passing steam over 
red-hot iron. An iron tube (A, fig. 10) is filled with iron nails and fixed 
across a furnace (B), in which it is heated to redness by gas burner’s. 
A current of steam is then passed through it by boiling the water in 
the flask (C), which is connected with the iron tube by a glass tube (D) 

* This experiment sometimes ends in an explosion. 
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and perforated corks. The hydrogen is collected from the glass tube 
(G) in cylinders (E) filled with water, and inverted in the trough (F) 
upon the bee-hive shelf (H), the first portions being allowed to escape, 
as containing the air in the apparatus. 


s 



The iron combines with the oxygen of the water to form the black 
oxide of iron (Ee^O^) which mil be found in a crystalline state upon the 
surface of the metal. The decomposition is represented by the equa- 
tion 4 HjO -f Peg = FcgO^ -h Hg. 

Water. Black oxide of iron. 

The weight of an atom of iron is 56 times that of an atom of hydro- 
gen ; hence the Fog in the above equation represent 56x3, or 168 
parts by weight of iron. 

Other methods for depriving steam of its oxygen, and therefore for 
preparing hydrogen, will be noticed in the sequel. 

The process by which hydrogen is most commonly prepared consists 
in dissolving iron or zinc in a mixture of sulphuric acid and water. 

Zinc is the most convenient metal to employ for the preparation of 
hydrogen in this way. It is used either in small fragments or cuttings, 
or as granulated sine, prepared by melting it in a ladle and poui’ing it 
from a height of three or 
four feet into a pailful of 
water ; when thus granu- 
lated it exposes a larger 
.surface to the action of the 
acid. The zinc is placed 
in the bottle (A, fig. 11), 
covered with water to the 
depth of two or three 
inches, and diluted sul- 
phuric acid slowly poured 
in through the funnel tube 
(B) until a pretty brisk 
effervescence is observed. 

The hydrogen is unable to 
escape through the funnel tube, since the end of this is beneath the 
surface of the water, but it passes oft' through the bent tube ( 0 ), and 
is collected over water as usual, the first portion being rejected as 
containing ah. 
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By allowing the solution left in the bottle to cool in another vessel, 
crystals of zinc sulphate {white vitrol) may be obtained. 

It will be noticed that the liquid becomes very hot during the action 
of the acid upon the zinc, the heat being produced by the combination 
which is taking place. The black flakes which separate during the 
solution of the zinc consist of metallic lead, which is always present ia 
the zinc of commerce, and much accelerates the evolution of hydrogen 
by causing galvanic action. Pure zinc placed in contact with diluted 
s^phuric acid evolves hydrogen very slowly. By attaching a piece of 
platinum to the pure zinc, so as to form a galvanic couple, the re-action 
may be considerably hastened. 

The preparation of hydrogen by dissolving zinc in diluted sulphuric 
acid may be represented by the equation^' 

H„SO, -f- Zn = ZnSO, + H„. 

Sulphuric acid. Zinc sulphate. 

The symbol Zn here represents an atom of zinc, which is 65 times as 
heavy as the atom of hydrogen. An atom of zinc has here displaced 
2 atoms of hydrogen, whereas it was found that an atom of potassium 
displaced only i atom of hydrogen ; this is often expressed by saying 
that potassium is a monatomic element, i.e., is exchangeable for i atom 
of hydrogen. But since 65 parts of zinc displace 2 parts of hydrogen, 
zinc is a diatomic element, i.e., is exchangeable for 2 atoms of hydrogen. 
This is commonly expressed by writing the symbol of zinc Zn". 

It may be supposed that the atom of a monad element (p. 10), such 
as hydrogen or potassium, exerts its chemical attraction in one direc- 
tion only, as represented by a single line or bond attached to the 
symbol, thus H-, K- ; whilst a diatomic element, such as zinc, exerts 
chemical attraction in two directions, represented by attaching two 
lines to the symbol, thus -Zn-, or Zn < . Since an atom of oxygen 
combines with two atoms of hydrogen, it must also exert chemical 
attraction in two directions, so that a molecule of water may be repre- 
sented as H — 0 H. The displacement of half the hydrogen by 

potassium (p. 17) then produces K O — H, caustic potash, and the 

displacement of both atoms of hydrogen by zinc produces Zn < > 0 , or 
zinc and oxygen united by both their bonds of chemical attraction, 
forming zinc oxide. 

Iron might be used instead of zinc, and the solution, when evaporated, 
would then deposit crystals of green vitriol or copperas (sulphate of iron, 
or ferrous sulphate, FeSOJ, the action of iron upon the sulphuric acid 
being represented by the equation H^SOj -l- Fe = FeSO^ -b H,, which 

Sulphuric acid. Ferrous sulphate. 

shows that i atom (56) of ii’on has taken the place of 2 atoms of 
hydrogen, and that the iron is diatomic, like zinc. / 

II. Physical properties of hydrogen. — This gas is invisible, and in- 
odorous when pure. ' The hydrogen obtained by the ordinary methods 
has a very disagreeable smell, caused by the presence of minute quan- 
tities of compounds of hydrogen with sulphur, arsenic, and carbon ; but 
the gas prepared with pure zinc and sulphuric acid is quite free from 
smeU. The most remarkable physical property of hydrogen is its 

* In this equation the excess of ivater which must be added to dissolve the zinc sul- 
phate is not set do-um. Hydrogen could not he prepared according to the equation as it 
stands, because the zinc sulphate would collect round the metal and prevent further 
action. 
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lightness. It is the lightest of all kinds of matter, being about as 
heavj’^ as air, and - f i i ~ a ir ^ heavy as water. 

The lightness of hydrogen may be demonstrated by many interesting experi- 
ments. Soap bubbles or small balloons (of collodion, for example) will ascend 
very rapidly if inflated with hydrogen. A light beaker glass may be accurately 
weighed in a pair of scales ; it may then be held with its mouth downwards, and 
the hydrogen poured up into it from another vessel. If it be then replaced upon 
the scale-pan with its mouth downwards, it will be found very much lighter than 
before. Another form of the experiment is represented in fig. 12, where a light 



glass shade has been suspended from the balance and counterpoised, the equili- 
brium being, of course, at once disturbed when hydrogen is poured up into the 
shade. If a stoppered gas jar full of hydrogen be held -with its mouth down- 
wards, and a piece of smouldering browTi paper held under it, the smoke, which 
would rise freely in the air, is quite unable to rise through the hydrogen, and 
remains at the mouth of the jar until the stopper is removed, when the hydrogen 
quickly rises and the smoke follows it. 

12. The employment of hydrogen for filling balloons renders a know- 
ledge of the relation between the weights of equal volumes of hydrogen 
and atmospheric air of great importance. The number expressing this 
relation is termed the Specific Gravity of hydrogen. 

(Definition. — ^The specific gravity of a' gas or vapour is the weight 
of a volume of it compared mth that of an equal volume of some other 
gas, selected as a standard, at the same temperature and pressure.) 

If the weight of a given volume of purifi.ed and dried air be repre- 
sented as unity, an equal volume of hydrogen, at the same temperature 
and pressure, would weigh 0.0695, which is expressed by saying that 
the specific gravity of hydrogen (air= i) is 0.0695. 

In ascertaining the weights of different volumes of gases, it is of the 
greatest importance that they should have some definite temperature 
and pressure, since the volume of a given weight of gas is augmented 
by the increase of temperature and by decrease in pressure. It is 
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usual to state the weights of gases, either at 6o° Fahrenheit and 30 
inches barometer ; or at 0° Ce^ntigrade and 760 millimetres barometer. 

One litre of hydrogen at 0° C. and 760 mm. Bar. weighs 0.0896 
gramme,* so that one gramme (15.43 grains) of hydrogen, at 0° C,. and 
760 mm. Bar., measures 11.16 litres (one litre = 61.024 cubic inches = 
1.76 pint). 

One grain of hydrogen, at 60° F. and 30 inches Bar., measures 46.73 
cubic inches. 

It is now easy to calculate how much zinc it would be necessary to dissolve in 
sulphuric acid in order to obtain any desired volume, say 100 litres -of hydrogen. 
Eeferring to the equation for the preparation of hydrogen, Zn + HoSO^ = + ZnSO^, 
and remembering that Zn represents 65 parts by weight of zinc,’ and H„ represent 
2 parts by weight of hydrogen, such a problem can be solved by ordinary propor- 
tion ; thus — 

(2 grms. H) 22.32 litres : 100 litres 1 :65 grms, zinc : x. 

a;=26i grms. zinc give 100 litres of hydrogen at 0° 0 . and 760 mm. Bar. 

13. It will be observed, in the experiment with the balance (fig. 12), 
that the gas gTadually/alis out of the jar, notwithstanding its lightness, 
and is replaced by air ; so that, after a time, the equilibrium is restored, 
proving that the molecules of hydrogen possess motion which is inde- 
pendent of gravitation. This motion of the molecule gives rise to the 
phenomenon known as diffusion. 

• Diffimon is the intermixture of molecules brought about by their 
power of moving amongst each other. This power is possessed in the 
highest degree by gaseous molecules, all gases being capable of perfect 
and comparatively rapid intermixture. Some liquids, such as alcohol 
and water, also intermix perfectly, although comparatively slowly, 
whilst other liquids, such as oil and water, diffuse into each other only 
to a very limited extent. When alcohol is poured on to water, it 
forms a separate layer on the surface of the water, because it is the 
specifically lighter of the two ; after a time, however, the two layers 
will no longer be discernible, and the liquid will be a homogeneous 
mature of alcohol and water. In the same way hydrogen will float on 
air, but only for a veiy short time, since the 7 'ate of difficsioji of this 
gas is very rapid. A homogeneous mixture of hydrogen and air will 
speedily be formed. 

The molecules of all gases do not move with the same velocity, so 
that some gases difluse more rapidly than do others. This has been 
discovered by confining a gas in a vessel closed by some material having 
very minute pores, and immersing the vessel in an atmosphere of some 
other gas. The passage of the molecules through the pores of the 
material closing the vessel is sufficiently slow to allow of a comparison 
between the velocities of passage or 7 'ates of diffusion of the two gases. 

The diffusion tube (fig. 13) employed for this purpose is a glass tube 
(A) closed at one end by a plate of plaster of Paris (B). If this tube 
be filled with hydrogen, f and its open end immersed in coloured 
water, the water will be observed to rise rapidly in the tube, on 
account of the rapid escape of the hydrogen through the pores of the 
piaster. The external air, of course, passes into the tube through 

* The most recent determination of this value gives the figure o'ogoo gramme, but it 
is admitted that the third place of decimals remains uncertain. 

t This tube must he filled by displacement (see fig. 19), in order not to wet the plaster. 
A piece of sheet caoutchouc may be tied over the plaster of Paris, so that diffusion may 
not commence until it is removed. 
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the pores at the same time, but much less rapidly than the hydrogen 
passes out, so that the ascent of the column of water (0) marks the 
difference between the volume of hydrogen which passes out, and that 
of air which passes into the tube in a given time, and allows a measure- 
ment to be made of the rate of diffusion ; that is, of the velocity with 
which the gas issues as compared with the velocity with which the air 
enters, this velocity being always taken as unity.'^ To determine the 
rate of diffusion, it is of course necessary to maintain the water at the 
same level ^Yithin and without the diffusion tube, so as to exclude the 
influence of pressure. 

This method has disclosed the law of difj'tmon of gases, namely, that 
the rates of diffusion of gases vary inversely as the square roots of their 
relative weights. Thus, oxygen is 16 times as heavy as hydrogen, so 
that the rate of diffusion of hydrogen : the rate of diffusion of oxygen 
: : Jx’, vx other words, hydrogen will mix with another gas four 

times as fast as oxygen will mix with that gas. 

To prove that the ascent of the hydrogen due to its lightness is not instrumental 
in drawing up the water in the diffusion tube, the exiieriment raa}' be made as in 


TJ 




lig. 14, where the plate of plaster (o) is turned downwards, so that the diffusion 
is made to take place in opposition to the action of gra\ity. This tube is fiUed 
by passing hydrogen in through the tube (s), and allowdng the air to escape 
through (i), which is afterwards closed by a cork. The plaster of paris (0) is tied 
over with caoutchouc w^hilst the tube is filled. 

Since the relation between the weights of equal volumes of hydrogen and air is 
that of 0.069 ; I, the rates of diffusion will be as i : Jo-oSg — that is, hydrogen 
will diffuse about 3.8 times as rapidly as atmospheric air, or 3.8 measures of 
hydrogen will pass out of the diffusion tube whilst one measure of air is passing 
in through the piaster. In a similar manner hydrogen -would escape through 
minute openings with four times the velocity of oxygen ; and laboratory experience 
shows that a cracked jar, or a bottle with a badly fitting stopper, may often be ' 
used to retain oxygen but not hydrogen. 

A very striking illustration of the high rate of diffusion of hydrogen is arranged , 
as represented in fig. 15. A is a cylinder of porous earthenware (such as are 
employed in galvanic batteries) closed at one end, and furnished at the other with 
a perforated caoutchouc stopper or a cork bung, through which, passes a glass 
tube B, about six feet long and half an inch in diameter. The bung is made air- 

* Air being a mixture of nitrogen and oxygen, its rate of diffusion is intermediate 
between the rates of those gasSs ; however, since the proportions of the gases are very 
nearly constant, no error of any magnitude arises. 
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tight by coating it with sealing-wax dissolved in spirit of wine. This tube being 
supported so that its lower end dips about an inch below the surface of water, a 
jar of coal-gas is held over the porous cylinder, when the velocity of the particles 
of the gas is manifested by their being forced (not only out of the mouth of the 
jar C, which is open at the bottom, but also) through the pores of the earthenware 

jar, the air from which is violently driven out, as 
if by blowing, through the tube, and is seen bub- 
bling up rapidly through the water. When the 
air has ceased to bubble out, and a large volume 
of gas has entered the porous jar, the beU-jar 0 
is removed, when the gas escapes so rapidly 
through the pores, that a column of twenty to 
thirty inches of water is drawn rapidly up the 
tube B. If the greatest height to which the 
water ascends be marked, and when it has re- 
turned to its former level, a jar of hydrogen be 
held over the porous cylinder, it will be found 
that the above phenomena are manifested in a v 
much higher degree, showing that coal-gas, being 
heavier than hydrogen, does not pass nearly so 
rapidly through the pores of the earthenware as 
hydrogen does. 

By connecting the porous cylinder A, by means 
of a short piece of tube, with a two-necked 
bottle, like that represented in fig. i6, and pass- 
ing through a cork in the other neck, a piece of 
tube reaching to the bottom of the bottle and 
drawn out to an open point at its upper ex- 
tremity (fig. 20), water may be forced out in a 
stream of two or three feet in height by holding 
the jar of hydrogen over the porous cylinder. 

The great difference in the rates of diffusion 
of hydrogen and oxygen may be easily shown by 
the arrangement represented in figi i6. A is a 
jar filled with a mixture of two volumes of 
oxygen with one volume of hydrogen, com- 
municating through the stop-cock and flexible 
tube with the glass tube B, which is fitted 
through a perforated cork in the bowl of the 
common tobacco-pipe 0, the sealing-waxed end 
of which dips under water in the trough D. By 
opening the stop-cock and pressing the jar down 
in the water, the mixed gases may be forced 
rapidly through the pipe, and if a small cylinder 
(E) be filled with them, the mixture will be found 
to detonate violently on the approach of a flame. 

But if the gas be made to pass very slowly 
Eig. 15. through the pipe (at the rate of about a cubic 

inch per minute), the hydrogen will diffuse 
through the pores of the pipe so much faster than the oxygen, that the gas 
collected in the cylinder will contain so little hydrogen as to be no longer 
explosive, and to exhibit the property of oxygen to rekindle a partly extinguished 
match. 

If two jars of the same size, one made of glass and the other of porous earthen- 
ware, be filled with the explosive mixture by holding them over the stop-cock of 
the jar A, and be then closed with glass plates and set aside for a few seconds, it 
will be found that the gas in the earthen jar will rekindle a spark on a match, 
whilst that in the glass jar wiU explode. 

The rapid diffusion of hydrogen through paper may be shown by laving a flat 
piece of filter-paper upon the mouth of a cylinder of hydrogen, when the gas m^y 
be kindled on the upper surface. On repeating the experiment with a cylinder of 
coal-gas, only the pale flame of the hydrogen will appear above the paper. If a 
mixture of hydrogen and oxygen be employed, the hydrogen will be seen burning 
before the explosion takes place. A cylinder containing 2 vols. H and i vol. Oj if 
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coverccl wtli filter-paper, ■will be found to contain little else but oxygen after a 
minute or t'wo. 

The diminution "which occurs in the volume of a gas "when the 
pressure upon it is increased, or "when the temperature of it is de- 
creased, can only be ascribed to the approachment of the molecules 
nearer to each other. When the distance between the molecules is 
sufficiently diminished the gas becomes a liquid. Thus it is that all 
gases can be liquefied by great pressure or extreme cold, or a combina- 
tion of the two. Hydrogen has been proved to be the gas most diffi- 
cult to liquefy ; indeed, it is doubtful whether this object has yet been 
attained. 

There is a temperature for every gas above ■which no amount of pressure can 
liquefy the gas ; this is called the critical temperature of that gas, or the absolute 



Fig. 16. — Separation of hydrogen and oxygen by atmolysis.'* 


boiling point of the corresponding liquid. This value for hydrogen appears to be 
- 240° 0., a temperature which Pictet, who claimed to have liquefied hydrogen, 
did not attain. 

Hydrogen is one of the least soluble of gases; 100 volumes of water 
dissolve only 1,83 vols. of the gas at 15° 0 . This is only to be ex- 
pected from the difficulty with which it is liquefied, it being generally 
the case that the more easily liquefied gases are the more soluble. 

14. Chemical ps’operties of hydrogen . — The most conspicuous chemical 
property of - hydrogen is its disposition to burn in air when raised to a 
moderately high temperature, entering into combination with the oxy- 
gen of the air to form water. The formation of water during the com- 
bustion of hydrogen gave rise to its name (Cdap, water). 

Since an atom of oxygen combines with two atoms of hydrogen to form water, 
the gases will not combine unless under the influence of some force, such as heat 
or electricity, to assist in resolving their molecules into the constituent atoms. 

* This term has been applied to the separation of gases by diffusion ; ar/ior, vapour; 
Avio, to loosen. 
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On introducing a taper into an inverted jar of hydrogen (fig. 17), the flame of 
the taper will be extinguished', but the hydrogen will burn with a pale flame ,at 
the mouth of the jar, and the taper may be re-kindled at this flame by slowly with- 
drawing it. 

The lightness and combustibility of hydrogen may be illustrated simultaneously 
by some interesting experiments. If two equal gas cylinders be filled with 
hydrogen, and held with their mouths respectively upwards and downwards, it 
will be found on testing each with a taper after the same interval, that the 




hydrogen has entirely escaped from the cylinder held with its mouth upwards, 
whilst the other still remains nearly filled with gas. 

The hydrogen may be scooped out of the jar A (fig. 18) with the small cylinder 
B attached to a handle. On removing B, and applying a taper to it, the gas will 
take fire. 

A cylinder may be filled with hydrogen by displacement of air (fig. 19), if the 
tube from the hydrogen bottle be passed up into it. 

• If such a dry cylinder of hydrogen be kindled whilst held with its mouth down- 
wards, the formation of water during the combustion of the hydrogen will be 
indicated by the deposition of dew upon the sides of the cylinder. 

By softening a piece of glass tube in the flame of a spirit-lamp, drawing it out 
and filing it across in the narrowest part (fig. 20), a jet can be made from which 
the hydrogen may be burnt. This jet may be fitted 
by a perforated cork to any common bottle for con- 
taining the zinc and sulphuric acid (fig. 21). 

The hydrogen must be allowed to escape for some 
minutes before applying a light, because it forms an 
explosive mixture with the air contained in the bottle. 



Fig. 20. 



This may be proved, without risk, by placing a little granulated zinc in a soda- 
water bottle (old form), pouring upon it some diluted sulphuric acid, and quicklj' 
inserting a perforated cork, carrying a piece of glass tube about three inches long, 
and one-eighth of an inch wide. If this tube be immediately applied to a flame, 
the mixture of air and hydrogen will explode, and the cork and tube will be pro- 
jected to a considerable distance. 

By inverting a small test-tube oyer the jet in fig. 21, a specimen of the hydrogen 
may be collected, and may be kindled, to see if it burns quietly, before lighting 
the jet. 
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A dry glass, held 6ver the flame, will collect a considerable quantity o£ water, 
.formed by the combustion of the hydrogen. 

The combustion of hyclrogen produces a gi’eater heating effect than 
that of an equal weight of any other combustible body. It has been 
determined that i grm. of hydrogen, in the act of combining with 
S gi'ms. of oxygen, produces enough heat to raise 34462 grms. of water 
from 0° C. to 1° C. The temperatui'o of the hydrogen flame is pro- 
Ijably about 2000° C. Notwithstanding its high temperature, the flame 
of hydrogen is almost devoid of illuminating power, on account of the 
absence of solid particles. 

15. If a taper be held several inches above a cylinder of hydrogen, 
standing with its mouth upwards, the gas will be Idndled ■with a loud 
explosion, because an explosive mixture of hydrogen and air is formed 
in and around the mouth of the cylinder. 

If a stoppered glass jar (flg. 22) be filled wdth hydrogen, and supported upon 
three blocks, it will be found, if the hydrogen be kindled at the neck of the jar, 



Fig. 22. Fig. 23. 


that it will burn quietly until air has entered from below in sufficient proportion 
to form an explosive mixture which will then explode, with a loud report. 

The same experiment may be tried on a smaller scale, with the two-necked 
copper vessel (fig. 23), the lower aperture being opened some few seconds after 
the hydrogen has been kindled at the upper one. 

The explosion of the mixture of hydrogen and air is due to the sudden 
expansion caused by the heat generated in the combination of the 
hydrogen with the oxygen throughout the mixture. After the explo- 
sion of the mixture of hydrogen and air (oxygen and nitrogen), the 
substances present are steam (resulting from the combination of the 
hydrogen and oxygen) and nitrogen, which are expanded bj’- the heat 
developed in the combination, to a volume far greater than the vessel 
can contain, so that a portion of the gas and vapour issues very sud- 
denly into the surrounding air, the collision with which produces the 
report. ; 

If pure oxygen be substituted for air, the explosion will be more 
violent, because the mixture is not diluted with the inactive nitrogen. 
The further stud}' of this subject must be preceded by that of oxygen. 



28 


PEOPERTIES OP OXYGEN. 

OXYGEN. 

0 = i6 parts by •weigbt= i vol. i6 grains =46.7 cub. in. at 60° P. and 30" Bar. 

• 16 graraines=ii.i6 litres at 0° C. and, 760 mm. Bar. 

16. Oxygen is the most abundant of the elementary substances. It 
constitutes about one-fifth (by volume) of atmospheric airj where it is 
merely mixed, not combined, with the nitrogen, which composes the 
bulk of the remainder. Water contains eight-ninths (by weight) of 
oxygen ; whilst sihca and alumina, which compose the greater part of 
the solid earth (as far as we know it), contain about half their weight 
of oxygen. 

Before inquiring which of these sources will most conveniently furnish - 
pure oxygen, it will be desirable for the student to acquire some know- 
ledge of the properties of this element, and of the chemical relations 
wliich it bears to other elementary bodies, for without such knowledge 
it will be found very difficult to understand the processes by which 
oxygen is procured. 

17. Physical p^’operties of oxygen. — From the fact that it occurs in 
an uncombined state in the atmosphere, it will he inferred that oxygen 
is perfectly invisible, and without odour. It is a little more’ than one- 
tenth heavier than air, which is expressed in the statement that its 
specific gravity is 1.105. 

In the study of theoretical chemisti’y, it is expedient to select hydro- 
gen instead of air as the standard mth which the specific gravities of 
gases are compared ; for, since the atomic weights are also referred to 
hydrogen as the unit, and the atomic weights generally represent the 
weights of equal volumes, the numbers expressing the atomic weights of 
the elementary gases are identical with their specific gravities (H=i). 
Thus the specific gi-avity of oxygen ( 11 = i) is 16.**^ It 'ivill be found 
convenient to remember that the specific gravity of a gas ai' vapour is 
the weight in grams 0/ 1 1.16 litres of it. 

Oxygen boils at — 182° C. under atmospheric pressure, so that it is 
liquid at temperatures below this. 

The liquid has a steel-blue colour ; its sp. gr. at - 182° C. is 1.124 (water= i) ; 
its critical temperature (p. 25) is -113“ C., and at temperatures slightly lower 
than this the gas may be liquefied by 50 atmospheres pressure. The liquid is 
attracted by a magnet. Owing to its low temperature, liquid oxygen is chemically 
very inactive, and has no action on such readily oxidised substances as phosphorus, 
sodium, or potassium. 

Oxygen is slightly soluble in water; 100 volumes of water absorb 
4 volumes of oxygen, 

18. Chemical properties of oxygen. — This element is I’emarkable for 
the wide range of its chemical attraction for other elementary bodies, 
•\vith all of Avhich, except two, it is capable of entering into combination. 
Fluonne and bromine are the only elements which are not hnoion to unite 
loith oxygen. 

"With nearly all the elements oxygen combines in a dmect manner ; 
that is, without the apparent intervention of any third substance, 
although, since it has been proved that perfectly dry oxygen wiU not 

* The true value for this number is certainly below 16 ; the number 15.96 is accepted 
by most chemists, although the latest determinations indicate that 15.88 is the more 
probable value. 
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combine with other elements, it must be admitted that moisture (or 
some other third siihstance) is essential to the chemical combination.* 
This is probably generally true of chemical change, and will be referred 
to hereafter. 

There are only seven elements (among those of practical importance) 
toliich do not unite hi a direct mannei' toith oxygen — viz., chloi'ine, bromine, 
iodine, fluorine, gold, silver, j)latinuni. 

(Definitiok. — The compounds of oxygen with other elements are called 
Oxides.) ■ 

The act of combination with oxygen, or oxidation, is generally a slow 
process, and its effects are not immediately perceived. Some familiar 
examples of oxidation are — the tarnishing or rusting of metals by air, 
the gradual decay of wood, the drying of oils in paint, the formation of 
vinegar from alcoholic liquids, the respiration of animals, and combustion. 

In all these processes heat is generated ; but it is not usually noticed 
unless it is sufficient to render the particles of matter luminous, which 
is the case only with combustion. 

(Definition. — Combustion is chemical combination attended with 
heat and light.) 

19. Phosphorus, the only non-metal which combines loith oxygen at the 
ordinary temperature, affords a good illustration of oxidation. This 
^ element, a solid at the ordinary temperature, is preserved in bottles 
filled with water, on account of the readiness with which the oxygen of 
the air combines with it. If a small piece of phosphorus be dried by 
gentle pressure between blotting-paper, and exposed to the air, its 
particles begin to combine at once with oxygen, and the heat thus 
developed slightly raises the temperature of the mass. 

Now, heat generally encourages chemical union, so that the effect of 
this rise of temperature is to induce a more extensive combination of 
the phosphorus with the oxygen, causing a greater development of heat 
in a given time, until the temperature 
is sufficient to render the particles 
brilliantly luminous, and a true case 
of combustion results — the combina- 
tion of the phosphorus with oxygen, 
attended with production of heat and 
light. In cold weather, the phosphorus 
seldom takes fire until rubbed, or 
touched with a hot wire. 

(Definition. — Combustion in air is 
the chemical combination of the ele- 24- 

ments of the combustible with the oxygen of the air, attended with 
development of heat and light.) 

If a dry glass (fig. 24) be placed over the burning phosphorus, the 
thick white smoke which proceeds from it may be collected in the form 
of snowy flakes, ■ These flakes are commonly termed phosphoric oxide or 
anhydride, and are composed of 80 parts by weight of oxygen, and 
-62 parts of phosphorus (PjO,). 

* Charcoal may, be heated to redness in dry oxygen without visible combustion. 
Sulphur and phosphorus, which inflame in moist oxygen at 260° 0 . and 60° 0 . respectively, 
may be distilled in the dry gas at 440° 0. and ago’ 0. respectively. 

f Anhydride, or without water, from dr, negative, and vSup, water. 
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If the white flakes are exposed to the ' air for a short time, they 
attract moisture and become little drops, which have a very sour or 
acid taste. It was mentioned at page i6 that all substances which 
have such a taste have been found also to be capable of changing the 
blue colour of to red; whence the chemist is in the habit of 

employing paper dyed with blue litmus for the recognition of an acid. 

(Definition. — Anhydride, a compound which produces an acid when 
brought into contact with \vater.) 

For the exact definition of an acid see page 32. 

During the slow combination of phosphorus with the oxygen of the 
air, before actual combustion commences, only 48 parts of oxygen unite 
with 62 parts of phosphorus, forming the substance called phos]}hm'ous 
oxide or anhydride (P^Og). 

(Definition. — The endings -ous and -ic distinguish between two com- 
pounds formed by oxygen with the same element; -oits implying the 
smaller proportion of oxygen.) 

Unless the temperature of the air be I’ather high, the fragment of 
phosphorus will not take fire spontaneously, but its combustion may 
always be ensured by exposing a larger surface to the action of the 
air. As a general rule, a fine state of division favours chemical combi- 
nation, because the attractive force inducing combination operates only 
between substances in actual contact ; and the smaller the size of the 
particles, the more completely will this condition be fulfilled. 

Thus if a small fragment of dry phosphorus be placed in a test-tube, and dis- 
solved in a little carton disulphide, the solution when poured upon blotting-paper 



(fig. 25), will part with the solvent by evaporation, leaving the phosphorus in a 
very finely divided state upon the surface of the paper, where it is so rapidly 
attacked by the oxygen of the air that it bursts spontaneous^^ into a blaze. 

Though the light emitted by phosphorus burning in' air is very 
brilliant, it is greatly increased when pure oxygen is employed; for 
since the nitrogen with which the oxygen in air is mixed takes no part 
in the act of combustion, it impedes and moderates the action of the 
oxygen. Each volume of the latter gas is mixed, in air, with four 
volumes of nitrogen, so that we may suppose five times as many 
particles of oxygen to come into contact, in a given time, mth the 
particles of the phosphorus immersed in the pure gas, ’ which will 
account for the great augmentation of the temperature and light of the 
burning mass. 

To demonstrate tbe brilliant combustion of phosphorus in oxygen, a piece not 
larger than a good-sized pea is placed in a little copper or iron cup upon an iron 

* A colouring matter prepared from a lichen, Jtocella tinctoria ; the cause of the change 
of colour will be more easily understood hereafter. 
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stand (fig. 26), and kindled by being touched with a hot wire. The globe, having 
been previously filled with oxygen, and kept in a plate containing a little water, 
is placed over the burning phosphorus.* 

It will be observed that the' same white clonds of phosphoric an- 
hydride are formed, Avhether phosphorus is burnt in oxygen or in air, 
exemplifying the fact that a substance toill combine with the same pro- 
p)ortion of oxygen whether its combustion be effected in pure oxygen or in 
atmospheric air. The apparent increase of heat is due to the combus- 
tion of a greater weight of phosphorus in a given time and space. The 
total heating effect produced by the combustion of a given weight of 
phosphorus is the same whether aii- or pure oxygen be employed. - 

20. Sulphur {brimstone) affords an example of a non-metallic element 
which will not enter into combination with oxygen until its tempera- 
ture has been raised very considerably. When sulphur is heated in air, 
it soon melts; and as soon as its temperature reaches 500° F. (260° 0.), 
it takes fire, burning with a pale blue flame. If the burning sulphur 
be plunged into a jar of oxygen, the blue light will become very bril- 
h’ant, but the same act of combination takes place — 32 parts by weight 
of oxygen uniting with 32 parts of sul- 
phur to form sul2ihurous acid gas or sul- 
pihurous anhydride (SO,), which may be 
recognised in the jar by the well-knoAvn 
suffocating smell 'of brimstone matches. 

The experiment is most conveniently per- 
formed by heating the sulphur in a de- 
flagrating spoon (A, fig. 27), which is then 
plunged into the jar of oxygen, its collar 
(B) resting upon the neck of the jar, which 
stands in a plate containing a little water. 

The water absorbs a part of the sulphurous 
acid gas, and will be found capable of 
strongly reddening litmus-paper. It is 27— Sulpfiur burning in 

possible to produce, though not by simple oxygen, 

combustion, a compound of sulphur with half as much more oxygen 
(SO3, sulphuric anhydride), showing that a substance does not always 
take up its full share of oxygen when burnt. 

The luminosity of the flame of sulphur is far inferior to that of phos- 
. phorus, because, in the former case, there are no extremely dense 
particles in the flame corresponding with those of the phosphoric oxide 
produced in the combustion of phosphorus. 

21. Carbon, also a non-metallic element, requires the application of a 
higher temperature than sulphur to induce it to enter into direct union 
with oxygen ; indeed, perfectly pure carbon appears to require a heat 
approaching whiteness to produce this effect. But charcoal (the carbon 
in which is associated with not inconsiderable proportions of hydrogen 
and oxygen) begins to burn in air at a much lower temperature ; and 
if a piece of wood charcoal, with a single spot heated to redness, be 
lowered into a jar of oxygen, the adjacent particles will soon be raised 
to the combining temperature, and the Avhole mass will glow intensely, 
32 parts by weight of oxygen uniting mth 12 parts of carbon to form 

* This globe should be of thin, -well-annealed glass ; and it is sure to be broken if too 
large a. piece of phosphorus be employed. 
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carbonic acid gas (COj) or carbonic anhydride, -vvliich will redden a piece 
of moistened blue litmus-paper suspended in the jar. It should he 
remembered that carbon is an essential constituent . of all ordinary fuel, 
and carbonic acid gas is always produced by its combustion. 

It will be noticed that the combustion of the charcoal is scarcely 
attended with flame ; and when pure carbon (diamond, for example) is 
employed, no flame whatever is produced in its combustion-, because 
carbon is not convertible into vapour, and all flame is vapour or gas in 
the act of combustion ; hence, only those substances burn with flame which 
are capable of yielding combustible gases or vapours. 

22. The three examples of sulphur, phosphorus, and carbon, suffi- 
ciently illustrate the tendency of non-metals to form acids by union with 
oxygen and water, which originally led to the adoption of its name, 
derived from o|ur, acid, and yevvaa, I produce. All the non-metallic ele- 
ments, except hydrogen, bromine, and fluorine, are capable of forming 
anhyd/rides, by their union with oxygen. 

Definition of an add. — A compound containing hydrogen, which, 
when in contact with an alkali (p. 16) exchanges its hydrogen, or a 
portion of it, for the alkali metal. 

Por example — 

HCl + NaOH = NaOl + H„0 

Hydrochloric acid. Soda. Sodinm chloride." Water. 

H„SO, -t- 2 KOH = K,SO, • + 2H„0 

Sulphuric acid. Potash. Potassium sulphate. Water. 

HjPO^ -f 2 NaOH = Na^HPO^ + 2 JIX) 

Phosphoric acid. Soda. Sodium* phosphate. Water. 

23. The metals, as a class, exhibit a greater disposition' to unite 
directly with oxygen, though few of them will do so in their ordinary 
condition, and at the ordinary temperature. Several metals, such as 
iron and lead, are superficially oxidised when exposed to air under 
ordinary conditions, but this would not be the case unless the air con- 
tained water and carbonic acid gas, which favour the oxidation in a very 
decided manner. Among the metals which are of importance in 
practice, five only are oxidised by exposure to dry air at the ordinary 
temperature, viz., potassium, sodium, barium, strontium, and calcium, the 
attraction of these metals for oxygen being so powerful that they must 
be kept under petroleum, or some similar liquid free from oxygen. On 
the other hand, three of the common metals, silver, gold, and platinum, 
have so little attraction for oxygen that they cannot be induced to unite 
■with it directly, even at high temperatures. 

If a lump of sodium be cut across with a knife, the fresh surfaces 
will exhibit a splendid lustre, but -will very speedily tarnish by combin- 
ing with oxygen from the air, which gives rise to a coating of sodmm 
oxide, and this to some extent protects the metal beneath from oxidation. 
The freshly cut sodium shines in the dark like phosphorus. Even when 
the attraction of the sodium for oxygen is increased by the applica- 
tion of heat, it is long before the mass of sodium is oxidised throughout, 
unless the temperature be sufficiently high to convert a portion of the 
sodium into vapour, which bursts through the crust of oxide, and burns 
with a yellow flame ; if, when this has occurred, the spoon in which the 
sodium is heated (see fig. 27) be plunged into a jar of oxygen, the 
yellow flame wiU be far more brilliant. 

Sixteen parts by weight of oxygen (i atom) here combine with 46 
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parts of sodium (2 atoms) to form sodium oxide (NajO), whicli remains 
in the spoon in a fused state. When the spoon is cool, it may be placed 
in water, which will dissolve the oxide, converting it into the alkali soda, 

NojO + H„0 = 2 NaOH 

Water. Soda. 

24. Zinc will serve as an example of a metal which has no disposition 
to enter into combination with oxj’-gen at the ordinary temperature,^' 
but is induced to unite \vith it by a very moderate heat. If a little 
zinc {^elter) be melted in a ladle or crucible, and stirred about with 
an iron rod, it burns with a beautiful greenish flame, produced by 
the u n ion of the vapour of zinc with the 
oxygen of the air. But the combustion 
is far more brilliant if a piece of zinc- 
foil he made into a tassel (fig. 28), gently 
warmed at the end, dipped into a little 
flowers of sulphur, Idndled, and let down 
into a jar of oxygen, when the flame of 
the burning sulphur will ignite the zinc, 
which burns with great brilliancy. On 
withdrawing what remains of the tassel 

after the combustion is over, it will be -t,- ry- , . ■ 

round to consist or a brrttle mass, which 

has a fine yellow colour while hot, and becomes white as it cools. This 
is the zinc oxide (ZnO), formed by the union of 16 parts by weight of 
oxygen with 6 5 parts of zinc. 

The zinc oxide does not possess the properties of an acid or an alkali, 
and belongs to another class of compounds termed bases, which are not 
soluble in water as the alkalies are, but, like them, are capable of neu- 
tralising the acids either partly or entirely. Thus, if the zinc oxide 
were added to diluted sulphuric acid as long as the acid would dissolve 
it, the well-known corrosive properties of the acid would be destroyed, 
although it would still retain the power of reddening blue litmus, and 
the solution would now contain a new substance, or salt, called zinc 
sulphate (ZnSO^), 

(Definition. — A base is a compound body which is capable of neu- 
tralising an acid, either partly or entirely.) 

It will be observed that an alkali is only a particular species of base, 
and might be defined as a base which is very sohMe in water. 

(Definition. — ^A salt is a compound formed when the hydrogen in an 
acid is replaced, either entirely or pai'tly, by a metal ; thus, sodium 
chloride, NaOl, is formed by the replacement of the H in HOI, hydro- 
chloric acid, by sodium ; sodium phosphate, Na^HPO^, is formed from 
phosphoric acid, HgPO^, by the replacement of two-thirds of the hydro- 
gen by sodium.) 

25. Iron, in its ordinary form, like zinc, is not oxidised by dry air or 
oxygen at the ordinary temperature ; but if it be heated even to only 
500° F. a film of oxide of iron forms upon its surface, and as the tem- 
perature is raised, the thickness of the film increases, until eventually 
it becomes so thick that it can be detached by hammering the surface, 
as may be seen in a smith’s forge. If an iron rod as thick as the little 
finger be heated to whiteness at the extremity, and held before the nozzle 

* Unless water and carbonic acid gas be present, as in common air. 

C 



34 


METALS AND OXYGEN. 


of a powerful bellows, it will burn brilliantly, throwing oflf sparks and 
dropping melted oxide of iron. If a stream of oxygen be substituted 
for air, the combustion is of the most brilliant description. A watch- 
spring (iron combined with about i per cent, of carbon) may be easily 
made to burn in oxygen by heating it in a flame tiU its elasticity is 
destroyed, and coiling it into a* spiral (A, fig. 29), one end of which is 
fixed, by means of a coi’k, in the deflagrating collar B ; if the other end 
be filed thin and clean, dipped into a little sulphur, kindled and 

immersed in a jar of oxygen (C) standing 
in a plate of water, the burning sulphur 
will raise the iron to the point of combus- 
tion, and the spring will be converted into 
molten drops of oxide. 

The black oxide of iron formed in all 
these cases is really a combination of two 
distinct oxides of iron, one of which con- 
tains 16 parts by weight of oxygen and 56 
parts of iron, and would be written FeO, 
whilst the other contains 48 parts of oxy- 
Pig. 29. — Watch-spring burning g0jj and 1 12 parts of iron, expressed by 
in oxygen. formula FCjOj. To distinguish them, 

the former is usually called ferrous oxide, and the latter ferric oxide ; 
this combined with water constitutes ordinary rust. 

The black oxide usually contains one combining weight of each oxide, 
so that it would be written FeO.FejOj, or FejO^. It is powerfully 
attracted by the magnet, and is often called magnetic oxide of iron. The 
abundant magnetic ore of iron, of which the loadstone is a variety, has 
a similar composition. 

Iron in a very fine state of division will take fii’e spontaneously in air 
as certainly as phosphorus. Pyroiyhoric iron can be obtained (by a process 
to be described hereafter) as a black powder, which must be preserved 
in sealed tubes. When the tube is opened, and its .contents thrown 
into the air, oxidation takes place, and is attended with a vivid 
glow. In this case the red oxide of non is produced instead of the 
black oxide. 

Both these oxides of iron are capable of neutralising, or partly neu- 
tralising, acids, and are therefore basic oxides or bases, like the oxides 
of zinc and sodium obtained in previous experiments. So general is the 
disposition of metals to form oxides of this class, that it may be regarded 
as one of the distinguishing features of a metal, for no non-met^ ever 
forms a base with oxygen. 

(Definition. — A metal is an element capable of forming a base * by 
comhining with oxygen.) 

Many metals are capable also of forming anhydrides with oxygen ; 
thus, tin forms stannic anhydride (SnO^), antimony forms antimonic 
anhydride (Sb^Oj), and it is always foimd that an anhydride formed by a 
metal contains a larger proportion of oxygen than any of the other oxides 
which the metal may happen to form. 

26. There is a third class of oxide.s, termed the indifferent oxides, 
because they are neither anhydrides nor bases; such oxides may be foianed 

* The metal tungsten appears at present to be an exception to this rule, no Tvell-defined 
basic oxide of this metal being known. 
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either by non-metals or metals; thus Avater (H,0), the oxide of hydrogen, 
is an indifferent oxide, and the black oxide of manganese (MnO,) is an 
example of an indifierent metallic oxide. 

27. Preparation of oxygen . — For almost all the useful arts in which 
uncombined oxygen is required, the diluted gas contained in atmospheric 
air is sufficient, since the nitrogen mixed with it does not interfere with 
its action. 

From atmospheric air pure oxygen was first obtained by Lavoisier 
towards the end of the last century. His process is far too tedious to 
be employed as a general method of preparing oxygen, but it affords a 
very good example of the relation of heat to chemical action. Some 
mercury was poured into a glass flask with a long narrow neck, which 
was placed on a fuimace, so that its temperature might be constantly 
maintained at about 349° C. (660° F.) for twelve days. The mercury 
boiled, and a portion of it was converted into vapour, which condensed 
in the neck of the flask and ran back again, Eventually part of the 
mercury was converted into a dark powder (which became red on 
cooling), having combined Avith the oxygen of the air (or undergone 
oxidaiioii) to form the red. oxide of mercury. 

By heating this oxide of mercury to a temperature approaching a red 
heat (about 500° C. or 1000° F.) it is decomposed into mercury and 
oxygen gas (HgO = Hg 0 ). 

It is very generally found, as in this instance, that heat of moderate 
intensity a^I favour the operation of chemical attraction, whilst a moi’e 
intense heat will annul it. 



Fertile purpose of experimental demonstration, the decomposition of the oxide 
of mercury may be conveniently effected in the apparatus represented by fig. 30, 
where the oxide is placed in the German glass tube A, and heated by the Bunsen’s 
gas-burner B, the metallic mercury being condensed in the bend 0 and the oxygen 
gas collected in the gas cylinder D, filled Avith water, and standing upon the bee- 
hive shelf of the pneumatic trough E. It may be identified by its property of 
kindling into fiame the spark left at the end of a wooden match. If the heat be 
continued for a sufficient length of time, the whole of the oxide of mercury will 
dipppear, being resolved into its elements. In technical language, the mercury is 
said to be reduced. 

Upon the first application of heat the red oxide suffers a physical change, in 
consequence of which it becomes black; but its red colour returns again if it be 
allowed to cool. 

This method for obtaining unmixed oxygen from the air is much too costly to 
be employed on the large scale. 

Brin' s process for preparing oxygen from the air depends upon the facts that 
when barium oxide (BaO) is heated in air it combines with oxygen, forming 
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barium dioxide (BaO„), and that when this latter is heated more strongly, or 
under diminished pressure, it gives up oxygen, again becoming BaO, thus : — 
(i) BaO + 0 = BaO„; (2) BaO„=BaO + 0 . The original barium oxide is used 


again. 

Air (purified from carbon dioxide) is pumped under pressure (10 lbs. per square 
inch) through retorts containing the barium oxide, heated at 700° C. ; when the 
issuing gas is no longer approximately pure nitrogen, the air current is stopped 
and the residual nitrogen in the retorts is pumped out until the pressure has 
fallen to about 2 lbs. per square inch. The barium dioxide then gives off much 
of its oxygen, which is coDected in a gasholder. The cycle of operations is 
repeated. 

Another process which has been used depends upon the principle that the oxides 
of manganese, when heated in contact with alkalies and air, are capable of absorb- 
ing the oxygen from the air, and of subsequently giving it up again if heated in a 
current of steam. 

To illustrate this process, about four ounces of dry sodium manganate (which 
may be purchased cheaply in a crude state) are introduced into a porcelain tube* 
{t, fig. 3 1 ) fixed in a furnace. One end of the tub e is connected with a two-branched 
glass tube, so that either a current of air may be passed through it by the tube a, 
or a current of steam from the flask id. On heating the manganate in the tube to 
dull redness, and passing the steam over it, oxygen is evolved, and may be collected 


in the jar 0. xNaJMnO^ + aH^O = 4NaHO + Mn^Oj -!- O3. 


Sodium ' ' Manganese 

manganate. Caustic soda. sesquioxide. 

If the current of steam be discontinued and the air be slowly passed through 
the tube a, the oxygen of the air will be absorbed, and its nitrogen may be 
collected in the jar n. 4NaHO -t- MmOg + 3(0 + N4) = aNa^MnO^ 2H„0 + N,;. 

Air. 

If the proper temperature be employed, the stream of gas issuing from the tube 
may be constantly kept up, and may be made to consist of oxygen or nitrogen 
accordingly as steam or air Is passed through the tube. The current of air is 
regulated by the nipper-tap c. 

The gas-furnace represented in fig. 31 consists of a row of twelve Bunsen burners 



Fig. 31. — Extraction of oxygen from air. 


each having a stop-cock by which the flame is regulated. The horizontal pipe 
from which they spring, is capable of being raised or lowered at pleasure. The 
porcelain tube t is laid in a semi-cylindrical trough made of stout iron rods, and 
filled with pieces of pumice-stone or fire-brick. Above this is placed a corre- 

* A copper tube with screw-caps, into which narrow brass or copper tubes are brazed, 
may be advantageously substituted for the porcelain tube. The process is much facili- 
tated by mixing the manganate of soda with an equal weight of oxide of copper. 
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- spending trough, so that the tube is entirely surrounded by glowing material. 
The heat must be applied gradually to avoid splitting the tube. 

28. The only other natiu’al source from which it has been found con- 
venient to prepare pui-e oxygen, is a black mineral composed of manga- 
nese and oxygen. It is found in some parts of England, but much 
more abundantly in Germany and Spain, whence it is imported for the 
use of the bleacher and glassmaker. Its commercial name is manga- 
nese, but it is known to chemists as hinoxide of manganese or manganese 
dioxide (MnO,), and to mineralogists by several names designating 
different varieties. The most significant of these names is pyrolusite, 
referring to the facility with which it may be decomposed by heat 
invp, fire, and Xuo), to loosen). 

One of the cheapest methods of preparing oxygen consists in heating 
small fragments of this black oxide of manganese in an iron retort, 
placed in a good fire, the gas being collected in jars filled with water, 
and standing upon the shelf of the pneumatic trough, or in a gas- 
holder or gas-bag, if large quantities are required. 

The attraction existing between manganese and oxygen is too power- 
ful to allow the metal to part with the whole of its oxygen when heated, 
so that only one-third of the oxygen is given off in the form of gas, a 
brown oxide of manganese being left in the retort ; 3Mn02 = 
MnjO.-bOj. 

29. By far the most convenient source of oxygen, for general use in 
the laboratory, is the artificial salt called 
chlorate of potash, or potassinm chlorate, 
which is largely manufactured for fire- 
works, percussion-cap composition, &c. 

If a few crystals of this salt be heated 
in a test-tube over a spirit lamp (fig. 32) 
it soon melts (360° 0.) to a clear liquid, 
which presently begins (400° C.) to boil 
from the disengagement of bubbles of 
oxygen, easily recognised by introducing 
a match with a spark at the end into the 
upper part of the tube. If the action of 
heat be continued until no more oxygen is 
given off, the residue in the tube will be the salt termed potassium 
chloride; KCIO3 = KOI + O3. 

Potassium Potassium 
chlorate. chloride. 

To ascertain what quantity of oxygen would be furnished by a given weight of 
the chlorate, the atomic weights must be brought into use. Referring to the 
table of atomic weights, it is found that K=39, 0 = 16, and 01 = 35.5 > Renee the 
molecular weight of potassium chlorate is easily calculated. 

One atomic weight of potassium .... 39 

„ „ chlorine . . . • 35*5 

Three atomic weights of oxygen .... 48 



KOIO3 = 122.5 

So that 122.5 grammes of chlorate would yield 48 grammes of oxygen. 

Since 16 grammes of oxygen measure 11.16 litres (p. 28), the 48 grms. will 
measure 33.48 litres. 

Hence it is found that 122 5 giammes of potassium chlorate would give 33*48 
litms of oxygen measured at 0 ° O. and 760 mm. Bar. 

Or, if the grain be the unit of weight, and the cubic inch that of volume, 122.5 
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grains of potassium chlorate would give 140 cubic inches of oxygen measured at 
0 ° C. and 760 mm, Bar. 

If one gallon (277.276 cubic inches) of oxygen be required, 242.6 grains of 
chlorate must be used, or rather more than half an ounce. 

Since tlie complete decomposition of tlie potassium chlorate requii’es 
a more intense heat than a glass vessel will usually endure, it is cus- 
tomary to facilitate it by mixing the chlorate with about one-fifth of 
its weight of powdered black oxide of manganese, when the whole of 
the oxygen is given off at a comparatively low temperature (about 
360° 0.), though the oxide of manganese itself suffers no change, and 
its action has not yet received any explanation which is quite satisfactory. 

From experiments by McLeod, it appears probable that the MnO™ first forms 
potassium permanganate, chlorine, and oxygen ; thus — 

2MnO„ + 2KCIO3 = EJUn^Os + CL -i- 0 „ ; 
the ELMmOg is then decomposed by heat, forming potassium manganate — 

' ' K„Mn„Og = KjMnO, H- MnO„ + 0 „. 

The manganate is then acted on by the Cl ; thus — 

ILMnO, CL = 2KCI + MnO„ + 0 „. 

Fig. 33 shows a very convenient arrangement for preparing and collecting 
oxygen for the purpose of demonstrating its relations to combustion. A is a 


B 



Florence fiask in which the glass tube B is fixed by a perforated cork. C is a 
tube of vulcanised india-rubber. The gas- jar is filled with water, and supported 
upon a bee-hive shelf. If pint gas-jars be employed, 300 grains of potassium 
chlorate, mixed with 60 grains of binoxide of manganese, will furnish a sufficient 
suppy of gas for the ordinary experiments. The binoxide of manganese should 
be thoroughly dried by moderately heating it in a crucible before being mixed 
with the chlorate. It is also advisable to test it by heating a little of it with the 
chlorate, since charcoal and sulphuret of antimony, which form very explosive 
mixtures with chlorate of potash, have sometimes been sold by mistake for bin- 
oxide of manganese. The heat must be moderated according to the rate at which 
the gas is evolved, and the tube C must be taken out of the water before the lamp 
is removed, or the contraction of the gas in cooling will suck the water back into 
the flask. The first jar of gas will contain the air with which the flash was filled 
at the commencement of the experiment. The oxygen obtained will have a slight 
smell of chlorine. 

WATER. 

■ H„ 0 = 18 grammes =22.32 litres' (vapour). 

30. Synthesis of water from its elements. — It has been seen already 
(p. 27) that the combination of hydrogen with oxygen to form water 
is attended with great evolution of heat and consequent expansion, and 
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lienee tlie mixture of tliese gases is found to explode violently on con- 
tact with flame. 

The experiment may be made safely in a soda-water bottle (old form). The 
bottle is filled with water, and inverted with its mouth beneath the surface of 
the water ; enough oxygen is then passed up into it to one-third of its volume ; 
if the remainder of the water be then displaced by hydrogen, and the mouth of 
the bottle be presented to the flame of a spirit-lamp, a very violent explosion 
will result, attended with a vivid blue flash in the bottle. If the mouth of the 
bottle be presented towards a screen of paper, at a distance of 20 or 30 inches. 



the paper wiU be violently torn to pieces, bearing witness to the concussion 
between the expanded steam issuing from the bottle and the external air. 

If some of the mixture of oxygen with twice its volume of hydrogen be 
introduced into a capped jar (fig. 34), provided with a piece of caoutchouc 
tubing and a small glass tube, and pressed down in a trough of water, soap- 
bubbles may' be inflated with it, which will ascend rapidly in the air, and explode 
violently when touched with a flame, which must not, of course, be applied to 




the bubble until it is at some distance away from the tube, for fear of exploding 
the mixture in the jar. 

31." In order to demonstrate the production of water in the explosion, the 
Cavtndish eudiometer* (fig. 35) is employed. This is a strong glass vessel, with a 
stopper firmly secured by a clamp (A), and provided with two platinum wires (P), 

*' So named from etSios, fine or clear, and n^poi', a measure, because an instrument upon 
the same principle has been used to determine the degree of purity of the atmosphere. The 
eudiometer was employed by Cavendish about the year 1770, for the synthesis of water. 
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which pass through the stopper, and approach very near to each other within the 
eudiometer, so that the electric spark may easily be passed between them. By 
screwing the stop-cock B into the plate of an air-pump, the eudiometer may be 
exhausted. It is then screwed on to the jar represented in fig. 36, which contains 
a mixture of two measures of hydrogen with one measure of oxygen, standing 
over water. On opening the stop-cocks between the two vessels, the eudiometer 
becomes filled with the mixture, and the quantity which has entered is indicated 
by the rise of water in the jar. The glass stop-cock C having been closed to 
prevent the brass cap from being forced off by the explosion, the eudiometer is 
again screwed on to its foot, and an electric spark passed between the platinum 
wires, either from a Leyden jar or an induction coil, when the two gases will 
combine with a vivid flash of light,* attended with a very slight concussion, but 
no noise, since there is no collision with the external air. For an instant a mist 
is perceived within the eudiometer, which condenses into fine drops of dew, con- 
sisting of the water formed by the combination of the gases, which was here 
induced by the high temperature of the electric spark, as it was in the former 
experiment by the high temperature of the flame. If the gases have been mixed 
in the exact proportion of two measures of hydrogen to one measure of oxygen, 
the eudiometer will now be again vacuous, and if it be screwed on to the capped 
jar, may be filled a second time with the mixture, which may be exploded in the 
same manner. 

The entire disappearance of the gases may be rendered obvious to the eye by 
exploding the mixture over mercury. For this purpose the mixed gases should 
be collected from water itself, which is strongly acidified with sulphuric acid, 
and decomposed in the voltameter (A, fig. 37) by the aid of five or six cells of 
Grove’s battery. The voltameter contains two platinum plates (B), attached to 



Fig. 37. — Detonatingjgas collected from voltameter. 


the platinum wires C and D, which are connected with the opposite poles of the 
battery. The first few bubbles of the mixture of hydrogen and oxygen evolved 
having been allowed to escape, in order to displace the air, the gas may be 
collected in the small eudiometer (E), which has been previously filled with 
water. This eudiometer is a cylinder of very thick glass,f closed at one end, 
and having two stout platinum wires cemented into holes drilled near the closed 
end, the wires approaching sufficiently near to each other to allow the passage of 
the electric spark. Having been fiUed with the mixture of hydrogen and oxygen 
from the voltameter, the eudiometer is closed with the finger, and transferred to 
a basin containing mercury, where it is pressed firmly down upon a stout cushion 
of india-rubber, and the spark passed through the mixed gases, either from the 
coil or the Leyden jar. The combustion takes place with violent concussion, but 
without noise ; and since the eudiometer is vacuous after the gases have com- 
bined, the cushion wiU be found to be very firmly pressed against its open end. 
On loosening the cushion, the mercury will be violently forced up into the 
eudiometer, which will be completely filled with it, proving that when an electric 
spark is passed through the mixture of 2 volumes of hydrogen and i volume of 
oxygen, no residue of gas remains. 

Since the steam produced at the moment of combination is here prevented from 
expanding, the heat which would have expanded it is saved, so that the temperature is 
higher and the flash of light brighter than when the combination is effected in an open 
vessel. 

f The bore of the eudiometer should be about half an inch in diameter, and the thick- 
ness of its sides about f ths of an inch ; its length is 7 inches. 
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This may also he demonstrated with the siphon eudiometer, shown in fig. 38, 
by confining about a cubic inch of the explosive mixture in the closed limb, over 
water, and stopping the open limb securely with a cork, so as to leave a space 
fiUed with air between the cork and the water. The eudiometer must be very 
firmly fixed on a stand, or it wiU be broken by the concussion. After it has been 
proved, it may be held in the hand, as in the figure. By firing mixtures of 
hydrogen and oxygen, in different proportions, in the same manner, it may be 
shown that any excess of either gas above the ratio of 2H : 0 will remain un- 
combined after the explosion. Care is required in these experiments, since eudio- 
meters are often burst by the explosion of the mixture of 2 volumes of hydrogen 
with I volume of oxygen. 

The explosion and the flash of light in the foregoing experiments are both the 
results of the heat generated in the act of combination ; so that the water pro- 
duced represents so much less energy as corresponds with the heat given off in 
the combination. This heat has been measured by means of a calorimeter, and it 
has been found that 2 grammes of H and 16 grms. of 0 , in combining to form 
liquid water, generate enough heat to raise 68924 grms, of water from 0° C. to 
1° 0 . Of this quantity, 9666 represent the heat generated by the change of 
state from the gas to the liquid, so that the difference, 59258, represents the 
heat generated by the chemical action occurring between 2 grms. of hydrogen 
and 16 grms. of oxygen in forming r8 grms. of water in the state of gas. This 
may be expressed by H,^ + 0 = ILO + 59258 heat-units, the heat-unit being the 
quantity of heat required to raise the temperature of one gramme of water from 
o° 0 . to i°C. 

The quantity of heat produced in any chemical action is a measure of the 
amount of chemical force which is exerted. To decompose 18 grammes of steam 
we must employ an amount of force, in the form, for example, of electricity, 
corresponding with 59258 heat-units. (See chapter on General Principles.) 

32. The knowledge of the volumes in which hydrogen and oxygen 
combine, is turned to account in the analysis of gases, to ascertain the 
proportion of hydrogen or oxygen contained in them. Suppose, for 
example, it be required to determine the amount of oxygen in a 
sample of atmospheric air ; the latter is mixed with hydrogen, in 
more than sufidcient quantity to combine with the largest proportion 
of oxygen which could be present, and when the combination has been 
induced by the electric spark, the volume of gas which has disappeared 
(2 volumes H -t- 1 volume 0) has only to be divided by three to give the 
volume of the oxygen. 

Abeut eudiometer (fig. 38) is generally employed for this purpose. Having 
been completely filled with water (previously boiled to expel dissolved air), it is 
inverted in the trough, and the specimen of air is intro- 
duced (say 0.5 cubic inch or 8 cubic centimetres). The 
open limb is then closed by the thumb, and the eudio- 
meter turned so as to transfer the air to the closed limb. 

A stout glass rod is thrust down the open limb, so as to 
displace enough water to equalise the level in both limbs, 
in order that the volume of the air may not be diminished 
by the pressure of a higher column of water in the open 
limb. The volume of the included air having been accu- 
rately noted, the open limb of the tube is again filled up 
with water, inverted in the trough, and a quantity of 
hydrogen introduced, equal to about half the volume of 
the air. This hawng been transferred, as before, to the p. g 

closed limb, the columns of water are again equalised, and ^gipiion eudiometer, 
the volume of the mixture of air and hydrogen ascer- ^ 
tained. The open limb is now firmly closed with the thumb, and the electric 
spark passed through the mixture, either from the Leyden jar or the induction- 
coil. On removing the thumb, after the explosion, the volume of gas in the closed 
limb will be found to have diminished very considerably. Enough water is poured 
into the open limb to equalise the level, and the volume of gas is cbserved. If 
this volume be subtracted from the volume before explosion, the volume of gas 
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which has disappeared will be ascertained, and one-third of this will represent 
the oxygen, which has condensed with twice its volume of hydrogen into the form 
of water. Thus the numbers recorded will be — 

Volume of air analysed c.56 cub. in. 


Volume of air mixed with hydrogen . . . 0.75 „ 

After explosion 0.45 „ 


Difference \ 

(|H and iO) ]■ 

0.30 divided by three = o. 10 cub. in. 


. 0.30 
of oxygen. 


In exact experiments, a correction would be required for any varia- 
tion of the temperature or barometric pressure during the progress of 
the analysis. 

’ 33. It will have been observed, in the experiment upon the synthesis 
of water in the Cavendish eudiometer, that the volume of water obtained 
is very small in comparison with that of the gases before combination, 
about 1870 volumes of the mixed gases being required to form one 
volume of liquid water, because after the chemical attraction has caused 
the molecules of H and 0 to form steam, the cohesive attraction has 
caused the molecules of steam to unite and form liquid water. In order 
to watch the effect of the chemical attraction only, we must prevent the 
steam from changing its state after it is produced. 

If the mixture of hydrogen and oxygen be measured and exploded at 
or above the boiling point of water, it is found that the steam produced 
occupies two-thirds of the volume of the mixed gases, measured at the 
same temperature and atmospheric pressure. Hence, two volumes of 
hydrogen combine with one volume of oxygen to form two volumes of 
aqueous vapour, at the same temperature and pressure. 


The combination of hydrogen and oxygen in a vessel heated to the boiling point of 
water is effected in the apparatus contrived by Dr. Hofmann, and represented in fig. 

39, where the closed limb of the eudiometer is sur- 
rounded by a tube through which steam is passed 
from a flask connected with the wide tube by a cork 
and a short wide piece of bent glass tubing, jacketed 
with caoutchouc to prevent loss of heat. The steam 
escapes through the tube (<) which enters the cork 
at the bottom. The closed limb of the eudiometer 
having been filled with mercury, a small quantity 
of the mixture of hydrogen and oxygen obtained 
from the voltameter (fig. 37) is introduced into it 
through a tube passed down the open limb, the dis- 
placed mercury being run out through the tube c, 
which is closed by a nipper-tap. The closed limb 
is then heated by the steam, and the mercury in 
the two limbs levelled from time to time by run- 
ning a little out through c, until the gas in the 
closed limb no longer expands. Its volume is then 
observed, an inch more mercury poured into the 
open limb, which is then tightly closed by a cork, 
and the spark from the induction-coil (fig. 6) i®- 
passed by the wires - and -t- . After the explosion, 
the cork is removed, and the mercury levelled in 
the two limbs, when the volume of the steam will be found to be just two-thirds 
of the volume of the gas before the explosion. On cooling down, the steam con- 
denses, and the mercury entirely fills the closed limb of the eudiometer. 

■ That 2 volumes of steam should contain 2 volumes of hydrogen and 
I volume of oxygen would appear, on physical grounds, impossible, since 
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two bodies cannot occupy the same space at the same time ; but it must 
be remembered that the two bodies in question have lost tbeir individu- 
ality in consequence of tbeir chemical combination by which they have 
become one bod}’’ — water. 

34. The synthesis of water by weight is difficultly effected with 
accuracy by weighing the gases themselves, on account of their large 
volume. It is therefore accomplished by passing an indefinite quantity 
of hydrogen over a knoNvn weight of pure hot oxide of copper, when 
the hydrogen combines "with the oxygen of the oxide to form water. 
The loss of weight suffered by the oxide of copper gives the amount of 
oxygen ; and if this be deducted from the weight of the water, that of 
the hydrogen will be ascertained. In this way it is shown that wat|r 
contains 8 parts of oxygen to every i part of hydrogen. 

The apparatus employed for this purpose is represented in fig. 40. li is the 
bottle in which hydrogen is generated from diluted sulphuric acid and zinc ; 
the gas passes, in jj, through solution of potash, which absorbs any sulphuretted 
hydrogen ; then through s, containing pumice-stone (used on account of its porous 
character), saturated with a strong solution of silver nitrate, which removes 



arsenic and antimony from the hydrogen ; the gas then passes through vv, 
containing pumice saturated with oil of vitriol to absorb moisture. The bulb c, 
with the oxide of copper, is weighed before and after the experiment, as are the 
globe gj for condensing the water, and the tube t, containing pumice and oil of 
vitriol, to absorb the aqueous vapour. Of course the bulb c must not be heated 
iintil the hydrogen has displaced all the air from the apparatus. 

As an example, 10 grammes of CuO were employed, and 7.98 grms. Cu were 
left, 2.2725 grms. water being collected. 10-7.98 = 2.02 grms. O; 2.2725 — 
2.02=0.2525 grms. H.; 2.2725 : 2.02 : : too : 88.88 ; 2.2725 : 0.2525 : : 100 : ir.ii. 
100 parts by weight of water, therefore, contain 88.88 0 and ii.ii H. This is 
the usual method of stating the composition of a substance. To deduce the 
chemical formula, we must divide each constituent by its atomic weight ; 
88.88 -r- 16 = 5.5 atomic weights of 0; ii.ii-i- i = ii.ii atomic weights of H. 
Then 5.55 : ii.ii : : i atom O : 2 atoms H. 

The above experiment would also serve for fixing the atomic weight of copper, 
for it shows that 100 parts by w'eight of cupric oxide contain 79.8 parts of copper 
and 20.2 parts of oxygen. Then 20.2 : 79.8 : ; 16 : 63.2; so that if cupric oxide 
contains one atom of copper to one atom of oxygen, the atomic weight of copper 
would be 63.2. 

There is another oxide of copper known, which contains 127 of copper to 16 of 
oxygen, and if 63. 5 be taken as the atomic weight of copper, we shall have 
Black oxide CuO 63.5 Cu : 16 O 
Eed ,, CmO 127 Cu : 16 O 

and this would account for the disposition of the red oxide to decompose into 
CuO and metallic Cu, as well as for some of its other propertied. 

34®. A volume of steam is found to weigh 9 times as much as an 
equal volume of hydrogen weighs at the same temperature and pres- 
sure. How, evidence (the value of which will be better appreciated 
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after more experimental facts have been described) has been gathered 
from both the chemical and physical study of gases, that equal volumes 
oj gases measured, at the same temperature and pressure contain the same 
number of molecules (Avogadro’s Law). It follows that the number of 
times that a volume of one gas, A, is heavier than the same volume of 
another gas, B, is also the number of times that each molecule in A is 
heavier than each molecule in B,* Consequently the molecule of steam 
weighs 9 times as much as the molecule of hydrogen ; but the molecule 
of hydrogen contains 2 atoms of hydrogen, and therefore weighs two 
units, so the molecule of steam must weigh 18 units. It is by similar 
reasoning that the molecular weights of all gases are decided. • 

(Definition. — The molecular weight of an element or compoimd is 
twice the number of times that a volume of it in- the state of gas is 
heavier than an equal volume of hydrogen weighed at the same tem- 
perature and pressure.) 

It will now be understood that the formula for a compound is deter- 
mined both by a quantitative analysis or quantitative synthesis of the 
compound, and by ascertaining its specific gravity when- H = i (its 
vapour density.) 

A quantitative synthesis of water shows that it contains H and 0 in 
the proportion of i : 8 ; a determination of its vapour density shows 
that its molecular weight is 18 ; hence its formula must be HjO, which 
is in agreement with the proportion i : 8 (2 : 16) and the molecular 
weight 18 (2 + 16). 

It has been seen (p. 22) that one gram of hydrogen occupies (at 
standard tempex’ature and pressure) 1 1 . 1 6 litres. Now the atomic weight 
of an elementary gas is generally the number of times that a vol. of it is 
heavier than an equal vol. of hydrogen ; therefore the number of parts by 
weight of an elementary gas represented by the atomic weight of the ele- 
ment will occupy the same volume as is occupied by i part by weight of 
hydrogen. It follows that the atomic weight of any elementary gas ex- 
pressed in grams occupies 1 1. 1 6 litres at standard temperaVure and pressure. 

By similar reasoning the molecular weight of any gas expressed in 
grams occupies 22.32 litres at standard temperature and pressure. 

It wiU now be obvious that if it be agreed that the symbol H shall 
represent i volume, the symbol for any gaseous element should re- 
present I volume and the formula for any gaseous compound should 
represent 2 volumes. 

35. It is evident that, although hydi’ogen is generally designated the 
combustible gas, and oxygen the supporter of combustion, the applica- 
tion of these terms depends entirely upon circumstances, since the 
phenomenon of combustion is a recipi'ocal operation in which each ele- 
ment has an equal share. 

This may be illustrated by a simple experiment. The hydrogen and oxygen 
reservoirs, H and O, fig. 41, are connected with two bent glass tubes passing 
through a cork into an ordinary lamp glass c, upon the upper opening of which a 
plate of talc is laid. In order to prevent the ends of the glass tubes from being 
fused by the burning gases, little platinum tubes, made by rolling up pieces of 
platinum foil, are placed in the orifices, and the glass is melted round them 

* Tins is, of course, only true if each of the molecules in a gas have the same weight. 
There is no reason to suppose that the molecules of auy one gas differ appreciably from 
each other in weight, but even if they did the argument would be true of the mean weight 
of each molecule, /.e., the weight of the gas divided by the number of molecules in it. 
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by the blowpipe flame. The hydrogen being lighted, and the oxygen turned on to- 
about the same extent, the lamp-glass is placed over the cork, when the hydrogen 
burns steadily. If the oxygen be slowly turned off, the flame will gradually leave 
the hvdrogen tube and come over to the oxygen, which will continue burning in the- 
atmosphere of hydrogen. By again turning on the oxygen, the flame may be sent 
over to the. hydrogen tube. With a little care the flame may be made to occupy 
an intermediate position between the two burners, and to leap from one to the other 
at pleasure. The experiment may also be performed with coal gas and oxygen. 

36. The great energy with which hydrogen combines with oxygen is 
turned to account for the purpose of producing the highest temperature- 
(about 3000° 0.) which can be obtained by any chemical process. 


I. 



Fig. 42. — Oxyhydrogen blowpipe. 




The oxyhydrogen blowpipe {fig. 42) is an apparatus for burning a jet of hydro- 
gen mixed with half its volume of oxygen. The gases are supplied from separate- 
gas-holders (or bags with pressure-boards and weights) through the tubes H and 
0 , which conduct them into the brass sphfere B. Each of these tubes is provided' 
with a valve of oiled silk opening outwards, so as to prevent the passage of either 
gas into the receptacle containing the other. The tube A is stuffed with thin 
copper wires, which, would rapidly conduct away the heat and extinguish the- 
flame of the mixed gases burning at the jet, should it tend to pass back and 
ignite the mixture in B. The stop-cocks D and E allow the flow of the gases to 
be regulated so that they may mix in the right proportions. If the hydrogen be- 
kindled first, it -will be found that, as soon as the oxygen is turned on, the flame 
is reduced to a very much smaller volume, because the undiluted oxygen required 
to maintain it occupies only one-fifth of the volume of the atmospheric air, from- 
which the hydrogen was at first supplied with oxygen. The heat developed by 
the combustion being therefore distributed over a much smaller area, the tem- 
perature at any given point of the flame must be much higher, and very few sub- 
stances are capable of enduring it without fusion.* Lime is one of these ; and if a 
cylinder of lime be supported, as at L {fig. 42), in the focus of the flame, its particles 
become heated to incandescence, and a light is obtained which is visible at night 
from very great distances, so as -to be well adapted for signalling and lighthouses. 
For such purposes coal-gas is often used instead of hydrogen {oxycalcium light). 

If a shallow cavity be scooped in a lump of quicklime, a few scraps of platinum 
placed in it, and exposed to the oxyhydrogen flame {fig. 43), a fused globule of 

* The temperature of the hydrogen flame in air is about 2000° 0 .. while in oxygen it is 
about 3000°. The latter temperature could not be surpassed, because it is that at which 
steam is dissociated or resolved into its elements, which re-combine as soon as the tem- 
perature falls below that point. 
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platinum of very considerable size may be obtained in a few seconds. By em- 
ploying a furnace made of lime, platinum is fused in quantities sufficient to cast 
large ingots, a result unattainable by any other furnace. Pipeclay, which resists 
the action of all ordinary furnace-heats, may be fused into a glass in this flame 
whilst gold and silver are instantaneously melted, and vaporised into a dense 
smoke. 

37. In its cliemical relations to other elements^ hydrogen is diametri- 

cally opposed to oxygen. Whereas the latter combines dmectly with the 
greater number of the elements, hydrogen will enter into direct com- 
bination with very few ; aU the metals form compounds with oxygen, 
but very few combinations of metals with hydrogen have been obtained. 
Indeed, in its relations to other elements, hydrogen closely resembles 
the metals, though it does not fall within the definition of a metal given 
above, since it does not form a base with oxygen, and its combinations 
Avith the salt radicals (chlorine, <fec.) are acids, and not salt.s, as is the 
case with metals. ^ 

Hydrogen is absorbed, or occluded^ by many metals to a greater extent than are 
most other gases, and by palladium more than by any other metal. This pheno- 
menon of occlusion, which may be compared with that of solution, generally 
occurs more readily when the metal is heated, and allowed to cool, in the gas ; 
when treated in this way hammered palladium will absorb some 600 times its 
volume of hydrogen, though cast palladium does not absorb so much. When 
a metal containing occluded gas is strongly heated (particularly in a vacuum or 
in an atmosphere of" another gas), the occluded gas is given off, just as a gas 
dissolved in water is expelled when the solution is heated. Palladium absorbs 
most hydrogen when it is used as the cathode in an electrolytic cell contain- 
ing dilute acid (p. 12). In this case the metal may take up about 900 times 
its volume, and in doing so it will increase about 1.5 per cent, in length. This 
expansion forms the basis of experimental methods for demonstrating the 
occlusion. A palladium wire (24 inches) is passed through the bottom cork of a 
vertical glass tube, containing dilute sulphuric acid, and is there made fast ; the 
other end of the wire is attached to a long rod, suspended horizontally to serve 
as an index. The wire is attached to the zinc of a Grove’s battery, the platinum 
of the battery being attached to a platinum wire which also passes through the 
glass tube. During the electrolysis of the dilute sulphuric acid, the index will 
descend, showing that the wire is increasing in length ; the non-recovery of the 
index when the electrolysis is stopped will show that the expansion was not a 
mere thermal effect. 

The absorption of 600 times its volume of hydrogen by palladium approximately 
corresponds with the formula Pd,H, and this compound is believed to be formed,* 
because any excess of hydrogen above this volume which may have been absorbed 
is given off more easily than the rest when the metal is heated. In this case it 
would only be the excess of gas which could properly be said to be occluded. 
The hydrogenised palladiurq is a far more active reducing agent than is free 
hydrogen, for it reduces chlorates to chlorides and nitrates to nitrites.' If the 
whole of the hydrogen be regarded as being occluded, its specific .gravity in this 
condition would be 0.62 and its atomic heat 5. 88. The absorption of i grm. of 
hydrogen by palladium evolves goo grm. units of heat. 

38. Chemical relations of water to other svhstomces . — In its chemical 
relations water presents this very remarkable feature, that, although it 
is an indifferent oxide, its combining tendencies extend over a wider 
range than those of any other compound. Its combinations with other 
substances are generally called hydrates. Water combines with two of 
the elementary substances, viz., chlorine and bromine, but no other 
element is even dissolved by water in any considerable quantity. One 
part of iodine is dissolved by 500 parts of cold water, but no chemical 

The term hydrogenium, applied by Graham to the hydrogen occluded by palladium 
on the supposition that it existed merely in a state of condensation in the metal, must bo 
abandoned if the existence of this compound be admitted. 
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combination appears to take place. Oxygen, hydrogen, and nitrogen 
are dissolved by water, in very small quantity, but become only 
mechanically diffused through it, and do nob enter into chemical com- 
bination. 

When water attacks a compound body, it may do so in one of two 
ways: (i) A swupZe sotoion may be effected. In this case any chemi- 
cal combination which may take place between the compound and the 
water will be of so loose a nature that it will be possible to recover the 
compound unchanged by merely evaporating the water. (2) The water 
may combine with the compound to produce a new compound of such 
stability that the original substance cannot be recovered by mere 
evaporation. The new compound may then pass into simple solution. 

It might at first be thought that simple solution was only a physical 
phenomenon, since there is no permanent alteration in the properties of 
the dissolved substance. This view would be supported by the obser- 
vation that when a solid is dissolved, there is a reduction of tempera- 
ture, such as is always noticed in the merely physical change from the 
solid to the liquid form ; and that when a gas is dissolved there is a rise 
of temperature such as is noticed when a gas passes to the liquid form. 
When careful measurements are made, however, it is found that the 
thermal change involved in the act of solution cannot be entirely 
accounted for by the physical change of state. Consequently it must be 
allowed that chemical combination is concerned in the process of solution, 
although the most obvious changes produced are of a physical nature. 
At this juncture attention will be called to the principal facts concern- 
ing solution, a discussion of the deductions to be drawn from them 
being for the present postponed. 

When common saltpetre (nitre or nitrate of potash) is shaken 
with water, it is rapidly dissolved, the water becoming sensibly colder. 
If fresh portions of saltpetre be added till the water is unable to 
dissolve any more, it will be found that 1000 grs. of water (at 
60° JF.) have dissolved about 300 grs. of salt- 
petre. Such a solution would be called a 
coldj saturated solution of' saltpetre. If the 
solution be set aside in an open vessel, the 
water will slowly pass off in vapour, and the 
saltpetre wUl be gradually deposited, its par- 
ticles arranging themselves in the regular 
geometrical shape of the six-sided prism, 
which is its common crystalline form. The 
crystals of saltpetre do not contain any water ; 
they are anhydrous. 

If saltpetre he added to boiling water (in 
■ a porcelain evaporating dish, fig. 44), and 
sth'red (with a glass rod) until the water 
I'efuses to dissolve any more, 1000 grs, of water will be found to have 
dissolved about 2000 grs.; this would be called a hot saturated 
solution. 

As a general rule, soHds are dissolved more quickly and in larger 
quantity by hot water than by cold. 

One of the commonest methods of crystallising a solid substance 
consists in dissolving it in hot water and allowing the solution to 



Fig. 44. 
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cool slowly. The more slowly it cools, the larger and more symmetrical 
are the crystals. 

A hot saturated solution is not generally the best for crystallising, 
because it deposits the dissolved body too rapidly. Thus the hot 
solution of saltpetre prepared as above would solidify to a mass of 
minute crystals on cooling; but if looo grs, of saltpetre be dissolved 
in 4 measured ounces of boiling water, it will form crystals of 2 or 
3 inches long when slowly cooled (in a covered vessel). If the solution 
be stirred while cooling; the crystals will be very minute, having the 
appearance of a white powder. 

Some solids, however, refuse to crystalh’se, even from a hot saturated 
solution, if this be kept absolutely undisturbed. 

Sodium sulphate affords a good example of this. If the crystallised sulphate 
be added to boiling water in a flask, as long as it is dissolved, the water will take 
into solution more than twice its weight of the salt, yielding a solution which 
boils at 220° F., 104.5° 0 . If this solution be allowed to cool in the open flask, 
an abundant crystallisation will take place, for cold water will dissolve only 
about one-third of its weight of crystallised sulphate. But if the flask (which 
should be globular) be tightly corked whilst the solution is boiling, it may be 
kept for several days without crystallising, although moved about from one 
place to another. In this condition the solution is said to be super-saturated. 
On withdrawing the cork, the air entering the partly vacuous space above the 
liquid will be seen to disturb the surface slightly, and from that point beautiful 
prismatic crystals will shoot through the liquid until the whole has become a nearly 
solid mass. A considerable elevation of temperature is observed, consequent upon 
the passage from the liquid to the solid form. If the solution of sodium sulphate 
be somewhat weaker, containing exactly two-thirds of its weight of the crystals, 
it may be cooled without ciystallising, even in vessels covered with glass 
plates, but a touch with a glass rod will start the crystallisation immediately. 

The crystallisation of a super-saturated solution is provoked by contact with a 
crystal of the salt itself. Minute crystals of sodium sulphate are present in the 
floating dust of the air, and cause the crystallisation when they fall into the 
super-saturated solution. A perfectly clean glass rod may be dipped into the 
liquid without causing crystallisation, but a rod which has been exposed to air 
will have some particles of sodium sulphate on it, and will start crystallisation ; 
if the rod be heated so as to render the sodium sulphate from the dust anhy- 
drous, it will no longer cause crystallisation unless it be drawn through the 
hand. Air filtered through cotton-wool does not cause super-saturated solutions 
to crystallise. If the solution of sodium sulphate containing two-thirds of its 
weight of the crystals be allowed to cool in a flask closed by a cork furnished 
with two tubes plugged with cotton-wool, it will be found that, on withdrawing 
the plugs and blowing through one of the tubes dipping into the solution, crys- 
tallisation does not take place ; but if air be blown by a pair of bellows into the 
same solution, it will crystallise at once. 

Sodium hyposulphite (thiosulphate) and sodium acetate yield super-saturated 
solutions which are less likely to be crystallised by dust than is the solution of the 
sodium sulphate. If a warm super-saturated solution of sodium acetate be very 
carefully poured upon a cold super-saturated solution of sodium hyposulphite, in a 
narrow;cy]inder, which is then covered and allowed to cool, a crystal of the hypo- 
sulphite may be dropped in without causing crystallisation tiU it reaches the lower 
layer of hyposulphite solution ; a crystal of sodium acetate may then be dropped 
in to start the crystallisation of the upper layer. 

Super-saturated solution of sodium acetate i.s used in railway foot-warmers, 
where the hCat’evolved in the crystallisation renders it four times as efficacious 
as the same volume of hot water. 

A most beautiful illustration of the power of unfiltered air to start crystallisa- 
tion is afforded by a solution of alum prepared by saturating a volume of water 
at 194° F. (90° C.) and allowing it to cool in a flask, the mouth of which is 
closed by a plug of cotton-wool. In this state it may be kept for weeks without 
crystallising, but on withdrawing the plug, crystalhsation wiU be seen to com- 
mence at a few points on the surface immediately under the opening of the neck. 
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and will spread slowly from these, octahedral crystals of alum of half an inch or 
more in diameter being built up in a few seconds, the temperature, at the same 
time, rising very considerably. ^ 

In the laboratory, stirring is always resorted to in order to induce crystallisa- 
tion, if it does not take place spontaneously. Thus it is usual to test for potas- 
sium in a solution by adding tartaric acid, which should cause the formation of 
minute crystals of hydro-potassium tartrate {cream of tartar), but the test seldom 
succeeds unless the solutions are briskly stirred together with a glass rod. An 
amusing illustration of this is afforded by pouring a solution of tartaric acid into 
a solution of saltpetre, and allowing the clear mixture to run over a large plate of 
glass. Letters traced on the glass with the finger will now be rendered visible 
by the deposition of .the crystals of the tartrate upon the glass. 

39. The crystals of sodium sulphate produced in the above experi- 
ments contain, in a state of combination with the salt, more than half 
their weight of water. Their composition is — 

Anhj^drous sodium sulphate (NaEO^) 142 parts, or one molecule 

Water 180 „ or ten molecules 

as expressed by the formula ISTajSO^.iotloO. If some of the crystals be 
pressed between blotting-paper to remove adhering water, and left 
exposed to the air, they will gradually effloresce, or become covered with 
a white opaque powder. This powder is the anhydrous sodium sulphate 
into which the entire crystals would ultimately become converted by 
exposure to air. Since most crystals containing water have their 
crystalline form destroyed or modified by the loss of the water, it is 
commonly spoken of as water of crystallisation. 

Coloured salts, containing water of crystallisation, generally change 
colour when the water is removed. The svlphate of copper {blue stone) 
affords an excellent example of this. The beautiful blue prismatic 
crystals of this salt contain — 

' Anhydrous sulphate of copper (CuSO^) 159.5 parts, or one molecule 

Water 90 ,, or five molecules 

as expressed by the formula CuS0^.5H20. 

When these are exposed to the air at the ordinary temperature they 
remain unchanged ; but if heated to the boiling point of water they 
become opaque, and may be easily crumbled down to a nearly white 
powder. This powder contains — 

Anhydrous sulphate of copper (CuSOj 159.5 parts, or one molecule 

Water . ... . . 18 „ or one molecule 

and would therefore be represented by CuS0^.H„0. The four molecules 
of water, which have been expelled, constituted the water of crystalli- 
sation, upon which the form and colour of the sulphate of copper 
depend. If the white powder be moistened with water, combination 
takes place, with great evolution of heat, and the blue colour is re- 
produced. The one molecule of water which still remains is not 
expelled until the salt is heated to 390° F. (199° C.), proving that it is 
held to the sulphate of copper by a more powerful chemical attraction. 
On this account it is spoken of as water of constitution, and, in order 
that the formula of the salt may exhibit the difference^between the 
' water of constitution and of crystallisation, it is usually written 
0uS04.II,0.4Aq.^ 

(Definition. — Water of crystallisation of salts is that which is gene- 
rally expelled at 212° F. (100° C.), and is connected with the form and 
colour of the crystals. Water of constitution is not generally expelled at 

* Aqua, watur. 
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212° E., and is in more intimate connexion 'witlv the chemical properties 
of the salt.) 

Several of the so-called sympathetic inks employed for writings which 
are invisible until heated, depend upon the change of colour which 
results from the loss of water of crystallisation. Characters written 
with a weak solution of chloride of cobalt and allowed to dry, are very 
nearly invisible, since the pink.colour of so small a quantity of the salt 
is scarcely noticed : but on warming the paper, the pink hydrated 
chloride of cobalt (CoClj.dAq) loses water of crystallisation, and the blue 
chloride with one molecule of water is produced. On exposure to air 
this again absorbs water, and the writing fades away. 

Some salts have so great a tendency to combine with water that they 
become moist or deliquesce when exposed to air. This deliquescence is 
exhibited in a marked degree by chloride of calcium, and its great attrac- 
tion for water is turned to advantage in drying air and other gases by 
passing them through tubes filled wil.h the salt. 

Nearly all salts appear to combine with water at very low tempera- 
tures : such compounds, which are decomposed at temperatures above 
o° C., have bden termed cryo-hydrates {Kpvos, frost). Common salt 
combines with ice to form the cryo-hydrate NaCl.ioAq, which remains 
liquid down to — 20° C. Hence arises the use of crushed ice and salt 
as a freezing mixture, for just as ice alone, in melting, lowers the tem- 
perature to 0° C., the melting point of ice, so the compound of ice and 
NaCl, in melting, lowers the temperature to about — 20° C., the melting 
point of the cryo-hydrate. 

40. Most bases are capable of combining with water to form hydrates, 
as exemplified in the slaking of line. Anhydrous lime .or quick-lime 
(CaO), when wetted with water, combines with it, evolving much heat, 
and crumbling to a loose bulky powder, which is hydrate of lime or slaked 
lime (CaO.HgO). This afibrds an example of the second mode of attack 
referred to above ; for some of the lime passes into solution when much 
water is used, but the original quick-lime cannot be recovered by merely 
evaporating the water. At a red heat, however, the water is expelled, 
and anhydrous lime remains. 

41. According to modern views, based upon the fact that several 
hydrates do not yield water when heated, the hydrate of a metal is de- 
fined as a compound formed by the replacement of a part of the hydrogen 
in water by a metal : thus potassium hydrate KOH is formed from 
water HOH by the replacement of H by K : calcium hydrate Oa(OH)j 
is formed from two molecules of water (HOH)^ by the replacement of 

by (diatomic) calcium. The imaginary group OH, hydroxyl, would 
then' be the radical of the hydrates, which are often termed hydroxides. 

42. Water from natural sources. — Pure water is not found in nature. 
Eain is the purest form of natural water, but contains certain gases which 
it collects from the atmosphere 'during its fall. As soon as it reaches the 
earth it begins to dissolve small portions of the various solid materials 
with which it comes in contact, and thus becomes charged with salts and 
other substances to an extent varying, of course, with the nature of the 
soils and rocks which it has touched, and attaining its highest point in 
sea water, Avhich contains a larger proportion of saline matters than 
water from any other natural source. 

If a quantity of rain, spring, river, or sea water be boiled in a flask 
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furnislied with a tube also filled with the water, and passing^ under a 
gas cylinder standing in a trough of the same water (fig. 45), it will be 
found to give ofi'a quantity of gas which wa.s previously lield in solution 
by the water, and is now set free because //o-scs arc less solvhlc in hoi than 
■in cold water. The quantity 
of this gas will val’y accord- 
ing to the source of tlie water, 
but it will always be found 
to contain the gases existing 
in atmospheric air, viz., nitro- 
gen, oxygen, and carbonic 
acid gas. One gallon of min 
water will genemlly furnish 
about 4 cubic inches of nitro- 
gen, 2 cubic inches of o.x3*gen, 
and I cubic inch of carbonic ariil 
gas. It is worth}' of I'cmark, 
that the nitrogen and oxy- 
gen have been dissolved bj' tlic 
water, not in the proportions 
in which the}' exist in the atmosphere, but in the proportions in which 
they ought to be dissolved, if it be true that they exist iji the air in the 
■condition of mere mechanical admixture. The oxygen thus carried down 
from the air by rain appears to be serviceable in maintaining the re.S2)ira- 
tion of aquatic animals, and in conferring upon river watei-s a self-purify- 
ing power, by acting upon certain organic matters which would probably 
prove hurtful to animals, and converting them into harmless products of 
oxidation. In the cases of rivere contaminated with the sewage of 
towns, this action of the dissolved oxygen is probably of great import- 
ance. The carbonic acid dissolved in rain water also 2)robably serves 
some useful purposes in the chemical economy of natm-e. (See Carbonic 
Acid.) 

The co-efficient of sohibilitij of a gas expresses the volume of g.as absorbed by one 
volume of water. The numbers 0.02989 and 0.0147S respectively represent the 
■ volumes of oxygen and nitrogen absorbed by one volume of water, when exposed 
to the action of either gas, in a pure state, at 59° F. (15° C.). When a mixture of 
gases is brought into contact with w.ater, the proportions in which the gases arc 
absorbed can be ascertained by multiplying the co-cfllcient of solubility of each 
gas into its proportion by volume in the mixture. Thus, when water is exposed 
to air, containing -J- volume of oxygen and t volume of nitrogen, the quantities 
•dissolved by one volume of water are — 

Oxygen x 0.029S9 = 0.00597 

Nitrogen Ax 0.01478 = 0.011S2 

or almost exactly two volumes of N to one volume of 0 . 

43. The waters of wells, springs, and rivers, and especially those of 
the two first-named sources, differ very much from each other, according 
to the nature of the layers of rock or earth over or through which they 
have passed, and from which they dissolve a gi-eat variety of substances, 
some familiar to us in daily life, others only met with in chemical collec- 
tions. Under the former head may be enumerated Glauber’s salt (sodium 
sulphate), common salt (sodium chloride), Epsom salt (magnesium sul- 
phate), gypsum (calcium sulphate), chalk (calcium carbonate), common 
magnesia (magnesium carbonate), carbonic acid, and silica. 
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Among the substances known only to the chemist may he mentioned 
sulphuretted hydrogen, potassium sulphate, potassium chloride, calcium 
chloride, magnesium chloride, phosphates, bromides and iodides of calcium 
and magnesium (rarely), aluminium sulphate, carbonate of iron (ferrous 
carbonate), and certain vegetable substances.'" 

The well waters of certain localities (as, for example, those of large 
towns) also frequently contain salts of nitric and nitrous acids, and of 
ammonia. 

The waters of springs and rivers do not differ very materially from 
well waters as to the nature of the substances which they contain, 
though, in the case of river waters more particularly, the quantity of 
these substances is materially influenced by the conditions of rapid 
motion and exposure to air under which such waters are placed. 

The palatable quality of a water is largely dependent upon the 
quantity of dissolved gas which it contains. Thus, a water which is 
agreeable for drinking Avill become insipid after it has been boiled and 
the dissolved air in this way expelled. The presence of dissolved solid 
matter in the water also influences its taste, preference being generally 
expressed for those waters which are not exceedingly poor in such 
solids ; it is undesirable, however, that the quantity should exceed 35 
grains per gallon (Thames water, as supplied to the metropolis, contains 
about 22 grains per gallon). A decision as to the wholesomeness of a 
water, or as to its fitness for feeding boilers, &c., can be given by the 
analyst alone ; the considerations which influence his dictum are indi- 
cated in the following statements. 

Household experience has established a classification of the waters 
from natui’al sources into soft and hard waters — a division which depends 
chiefly upon the manner in which they act upon soap. If a piece of 
soap be gently rubbed in soft water (rain 'water, for example) it speedily 
furnishes a froth or lather, and its cleansing powers can be readily 
brought into action ; but if a hard water (spring water) be substituted 
for rain water, the soap must be rubbed for a much longer.time before 
a lather can be produced, or its eflfect in cleansing rendered evident ; a 
number of white curdy flakes also make their appearance in the hard 
water, which were not seen when soft water was used. The explanation 
of this difference is a purely chemical one. 

Soap is formed by the combination of a fatty acid with an aUrali ; it is 
manufactured by boiling oil or fat with potash or soda, the former for 
soft, the latter for hard soaps. In the preparation of ordinary hard soap, 
the soda takes from the oil or fat two acids , — stearic and oleic acid, — 
which exist in abundance in most varieties of fat, and unites with them 
to form soap, which^in chemical language would Idb spoken of as a mix- 
ture of stearate and oleate of sodiicm. ■ 

If soap be rubbed in soft water until a little of it has dissolved, and 
some Epsom salts (magnesium sulphate) be dissolved in’ water, and 
poured into the soap water, curdy flakes -will be produced, as when soap 
is rubbed in hard water, and the soap water wiU lose its property of 
frothing when stirred ; the magnesium sulphate has decomposed the 
soap, forming sodium sulphate, which remains dissolved in the water, 

* Altliongh it is certainly known that the acids and bases capable of forming the salts 
here enumerated may be detected in spring and river waters, their exact distribution 
amongst each other is still a matter of uncertainty. 
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ivncl insoluble cuvJy flulces, which consist of stearate and oleate of 
magnesium. 

Similar to the eflect of the magnesium sulphate is that of hard waters j 
their hardness is attributable to the ]ire.«ence of the diflerent salts of 
calcium and ma'rnesium.all of which decompose the soap in the manner 
exemplified above ; the peculiar properties of the soap in forming a 
latlwY and dissolving grease, can therefore be manifested only when a 
sufficient quantity has been employed to decompose the whole of the 
salts of calcium and magnesium contained in tlie quantity of water 
opei-ated on, and thus a considerable amount of soap must be rendered 
useless when hard water is employed. 

On examining the interior of a kettle in which spring, well, or river 
water has been boiled, it will be found to bo coated more or less thickly 
ri-ith afxir or incrustation, genex-ally of a brown colour, and the harder 
the water the more speedily will this incrustation be deposited. A 
ehemical examination shows this deposit to consist chiefly of calcium car- 
bonate (chalk) in the form of minute crj’stals, which may be discovered by 
the microscope ; it usually contains, in addition, some magnesium cai'- 
bonate, calcium sulphate, and small quantities of oxide of iron (rust) 
and vegetable matter, the last two sub.stances imparting its brown 
colour. In order to explain the formation of this deposit, it is necei?- 
sary to become acquainted with the particular condition in which the 
calcium carbonate exists in natural waters; it is hardly dissolved to any 
perceptible e.xtent by pure water, though it may be dissolved in con- 
siderable quantity by water containing carbonic acid. This statement, 
which is of great importance in connection with natural waters, may 
be verified in the following manner : A little slaked lime is well .shaken 
up in a bottle of distilled or rain water, which is afterwards set aside 
for an hour or two ; as soon as that portion of the lime which has not 
been dissolved has subsided, the clear portion is carefully poured into a 
glass, and a little soda water or solution of carbonic acid in water is 
added to it ; the fii’sfc addition of the carbonic acid to the lime Avater 
causes a milldness, due to the formation of minute particles of calcium 
carbonate ; this being insoluble in the water, separates from it, oi' 
precipitates, and impairs the transparency of the liquid; a further 
addition of carbonic acid Avater renders the liquid again transparent, 
for the carbonic' acid dissolves the calcium carbonate Avhich bus 
.separated. 

If this clear solution be introduced into'a flask, and boiled OA^er the 
spirit-lamp or gas-flame, it Avill again become turbid, for the free car- 
bonic acid will be expelled by the heat, and the calcium carbonate Avill 
be deposited, not noAA% hoAvever, in so fine a poAvder as before, but in 
small, hard grains, Avhich liaA’e a tendency to fix themselves firmly upon 
the sides of the flask, and, when examined by the microscope, are seen 
to consist of small crystals. 

In a similar manner, Avhen natural Avaters are boiled, the carbonic 
acid gas which they contain is expelled, and the carbonates of calcium, 
magnesium, and iron are precipitated, einee tliey are insoluble in water 
which does not contain carbonic acid. But, by the ebullition of the 
Avater, a portion of it has been dissipated in vapour, and if there be 
much calcium sulphate present, the quantity of water left may not be 
sufficient to retain the Avhole of the salt in solution ; calcium sulphate 
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requires about 500 parts o£ cold water to dissolve it, and is nearly 
insoluble in water having a higher temperature than 212° F., as would 
be the case in boilers woi-ked under pressure, so that it would readily 
be deposited. It contributes much to the formation of compact incrus- 
'tations. Should the water contain much vegetable matter, this is often 
deposited in an insoluble condition, the whole eventually forming to- 
gether a hard compact mass, composed of successive thin layers, on the 
bottom and sides of the vessel in which the water has been boiled. The 
“ furring ” of a kettle is objectionable, chiefly in consequence of its 
retarding the ebullition of the water, since the deposit is a very bad 
conductor of heat, and therefore impedes the transmission of heat from 
the Are to the water • hence the common practice of introducing a 
round stone or marble into the kettle, in order, by its perpetual rolling, 
to prevent the particles of calcium carbonate from forming a compact 
layer. In steam boilers, however, even more serious inconvenience 
than loss of time sometimes arises if this deposit be allowed to accumu- 
late, and to form a thick layer of badly conducting material on the 
bottom of the boiler, since the latter is then liable to become red hot, 
and should the incrustation happen to crack, and allow the Avater tO’ 
reach the red-hot metal, so violent a disengagement of steam follows, 
that boilers have been known to burst under the sudden pressure. 
But even though this calamity be escaped, the wear and tear of the 
boiler is very much increased in consequence of -the formation of this 
deposit, since its hardness often renders it necessary to detach it with 
the hammer, much to the injury of the iron boiler-plates, which are 
also subject to increased oxidation and corrosion in consequence of the 
high temperature Avhich the incrustation permits them to attain by 
preventing their contact with the water. Moreover, it is obvious that 
a greater expenditure of fuel is requisite in order to heat the Avater 
through such a non-conducting “boiler scale.” Many propositions 
have .been brought foi-Avard for the prevention of these incrustations ; 
some substances have been used, of which the action appears to be 
purely mechanical, in preventing the aggregation of the deposited 
particles. Clay, saAvdusu, and other matters have been employed with 
this vieAv ; but the action of sal ammoniac (ammonium chloride), which 
has also been found efiicacious, must be explained upon purely chemical 
principles. When this salt is boiled with calcium carbonate, mutual 
decomposition ensues, resulting in the production of calcium chloi’ide 
and ammonium carbonate, of which salts the former is very soluble m 
water, Avhile the latter passes ofF invapour Avith the steam. The ammonium 
chloride, however, corrodes the metal of the boiler. Solutions of the 
caustic alkalies, of alkaline carbonates, arsenites, tannates, &c., are also 
occasionally employed to preA’^ent the formation of incrustations m 
boilers, and probably act by precipitating calcium carbonate and other 
calcium compounds Avhich act as nuclei, around which the fur collects 
as a loose deposit or mud. 

The deposit formed in boilers fed Avith sea water consists chiefly of 
calcium sulphate and magnesium hydrate, the latter resulting from the 
decomposition of the magnesium chloride present in sea Avater. As 
hydrochloric acid is another product of the decomposition of magnesium 
chloride solution, Avater containing any considerable quantity of this salt 
is liable to corrode the plates of a boiler. 
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The incrustations formed in cisterns and pipes by bard water are also 
produced by the carbonates of calcium and magnesium deposited in 
consequence of the escape of the free cai'bonic acid which held them 
in solution. Many interesting natural phenomena may be explained 
upon the same principle. The so-called 'petrifying springs, in many 
cases, owe their remarkable properties to the considerable quantity of 
calcium carbonate dissolved in carbonic acid which they contain ; when 
any object, a basket, for example, is repeatedly exposed to the action 
of these waters, it becomes coated with a compact layer of the carbonate, 
and thus appears to have suffered conversion into limestone. The 
celebrated waters of the Sprudel at Carlsbad, of San-Klippo in Tuscany, 
and of Saint Allyre in Auvergne are the best instances of this kind. 

The stalactites and stalagmites,^’^ which are formed in many caverns 
or natural grottoes, afford beautiful examples of the gradual separation 
of calcium carbonate from water charged with carbonic acid. Each 
drop of water, as it trickles through the roof of the cavern, becomes 
surrounded with a shell of calcium carbonate, the length of which is 
prolonged by each drop, as it falls, till a stalactite is formed, varying in 
colour according to the nature of the substances which are separated 
from the water together with the carbonate (such as the oxides of iron 
and vegetable matter) ; and as each drop falls from the point of the 
stalactite upon the floor of the cavern, it deposits there another shell, 
which grows, like the upper one, but in the opposite direction, and 
forms a stalagmite, thus adorning the grotto with corucal pillars of 
calcium carbonate, sometimes, as in the case of the oriental alabaster, 
variegated with red and yellow, and applicable to ornamental 
purposes. 

"When water which has been boiled for some time is compared with 
unboiled water from the same source, it will be found to have become 
much softer, and this can now be easily explained, for, a considerable 
portion of the salts of calcium and magnesium having separated from 
the water^ the latter is not capable of decomposing so large a quantity 
of soap. The amount of hardness which is thus destroyed by boiling is 
generally spoken of as temporary hardness, to distinguish it from the 
permaiient hardness due to the soluble salts of calcium and magnesium 
which still remain in the boiled water. It is customary with analytical 
chemists, in reporting upon the quality of natural waters, to express 
the hardness by a certain number of degrees which indicate the number 
of grains of chalk or calcium of carbonate which would be dissolved in 
a gallon of water containing carbonic acid, in order to render its hard- 
ness equal to that of the water examined •, that is, to render it capable 
of decomposing an equal quantity of soap. Thus, when a water is 
spoken of as having i6 degrees of hardness, it is implied that i6 grs. of 
calcium carbonate dissolved in a gallon of water containing carbonic 
acid, would render that gallon of water capable of decomposing as much 
soap as a gallon of the water under consideration. 

The utility of a water for household purposes must be estimated, there- 
fore, not merely according to the total number of degrees of hardness 
which it exhibits, but also by the proportion of that hardness Avhich may 
be regarded as temporary ; that is, which disappears when the water is 
boiled. Thus, the total hardness of the New River water amounts to 

* Prom (TToXafw, I drop; oraAayjio, a drop. 
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nearly 15 degrees, that of the Grand Junction Company to 14 degi’ees, 
and yet these waters are quite applicable to household uses, since their 
hardness is reduced by boiling to about 5 degrees. - It has been ascer- 
tained that every degree of hardness in water gives rise to a waste of 
about I o grs. of soap for every gallon of water employed, and hence the 
use of 100 gallons of Thames or New River water in washing will be 
attended with the loss of about 2 lbs. of soap ; this loss is reduced, how- 
ever, to about one-third when the temporary hardness has been destroyed 
by boiling. The addition of washing soda (sodium carbonate) removes 
not only the temporary, but also the permanent hardness due to the 
presence of the sulphates of calcium and magnesium in the Avater, 
for both these salts are decomposed by the sodium carbonate Avhich 
separates the calcium and magnesium as insoluble carbonates, AvliUst 
sodium sulphate remains dissolved in the Avater.- The household 
practice of boiling the Avater, and adding a little washing soda, is 
therefore very efficacious in removing the hardness. Clarlis process 
for softening waters depends upon the neutralisation of the free 
carbonic acid contained in the Avater by the addition, of a certain 
quantity of lime ; the calcium carbonate so produced separates together 
with the carbonates of calcium and magnesium, which Avere previously 
retained in solution by the free carbonic acid ; this process, therefore, 
affects chiefly tfle temporary hardness ; moreover, the earthy carbonates 
Avhich are separated appear to remove from the Avater a portion of the 
organic matter Avhich it contains, and thus effect a very important 
purification. The Avater under treatment is mixed, in large tanks, with 
a due proportion of lime or lime-water (the quantity necessary having 
been determined by preliminary experiment), and the mixture allowed 
to settle until perfectly clear, when it is draAvn off into reservoirs, f A 
modern improvement in the process {Porter-Clark process) consists in 
sepai’ating the deposit by a remarkably expeditious filtration, which dis- 
penses Avith much of the tank-space required by the oi'iginal process. 

Waters Avhich are turbid from the presence of clay in a state of 
suspension, are sometimes purified by the addition of a small quantity of 
alum or of aluminium sulphate, Avhen the alumina is precipitated by 
the calcium carbonate present in the Avater, and carries doAvn AAdth it 
mechanically the suspended clay, leaving the Avater clear. 

The organic matter contained in Avater may be vegetable matter dis- 
solved from the earth Avith Avhich it has come in contact, or resulting 
from the decomposition of plants, or it may be animal matter derived 
either from the animalcules and fish naturally existing in it, or from 
the sewage of toAvns, and, in the case of Avell AAmters, from surface 
drainage. 

It is believed upon good medical authority, that cholera, diarrhoea, 
and typhoid feA^er are propagated by certain spores or germs, Avhich are 
present in the evacuations of persons suffering from those maladies, and 
are conveyed into AA^ater which is allowed to become contaminated by 
sewage. ^ 

On this account, much attention is paid, in the analysis of water 
intended for drinking, to the detection of organic matters containing 

* CaS 04 + NiuOOg = NaoSOj. + OaCOs 
Calcium sulphate. Sodium carbonate. Sodium sulphate. Calcium carbonate. 

t Thames and New Eiver water are softened, in this way, to 3.5°, or to a lower point 
than by an hour’s boiling. 
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nitrogen (so-called albuminoid matters) which would be conveyed into 
the water, in sewage. The analytical operations necessary for this pur- 
pose recjuire great care and sliillj and the conclusions to be drawn from 
their results are by no means finally agreed upon among scientific 
■chemists. 

There are, however, certain simple tests, which may often determine whether 
it is worth while to undertake a more elaborate examination of the water. 

1. Pour half a pint of the water into a wide-mouthed bottle or decanter, close it 
with the stopper or with the palm of the hand, and shake it violently up and 
down. If an offensive odour is then perceived, the water is probably contaminated 
by sewage-gas, and possibly with other constituents from the same source. 

2. Add to a little of the water a drop or two of dilute sulphuric acid, and 

enough potassium permanganate ( CbncZy’s red fluid or ozonised ruater) to tinge it of 
a faint rose colour ; cover the vessel with a glass plate or a saucer. If the pink 
tinge be still visible after the lapse of a quarter of an hour, the water is probably 
wholesome. _ • 

3. Pour a little solution of silver nitrate (hinar cmtstic) into a carefully cleaned 
glass, and see that it remains transparent ; then pour in some of the water ; should 
a milkiness appear, which is not cleared up on adding a little diluted nitric 
acid, the water probably contains much sodium chloride, which is always found 
in sewage-water, but seldom in wholesome waters in any large quantity, unless 
near the sea-coast. 

To render an impure water fit to drink, a chemist would naturally recommend 
distillation, but in many cases this is impracticable, and the consumer may protect 
himself to a great extent by boiling the water (a high temperature being inimical 
to micro-organisms), or by filtering it through charcoal or spongy iron, or by 
■applying Clark’s process, or treating it with alum (p. 56). 

44. One of tbe most important points to be taken into account in 
■estimating tbe qualities of a water is its action upon lead, since tliis 
metal is unfortunately so generally employed for tbe storage and tranS'^ 
mission of water, and cases frequently occur in wbicb tbe bealtb lias 
been seriously injured by repeated small doses of compounds of lead 
taken in water wbicb bas been kept in a leaden cistern. If a piece of 
bright, freshly-scraped lead be exposed to tbe air, it speedily becomes 
tarnished from the formation of a thin film of tbe oxide of lead, pro- 
duced by tbe action of the atmospheric oxygen ; this oxide of lead is 
soluble in water to some extent, and hence, when lead is kept in 
■contact with water, the oxygen wbicb is dissolved in it acts upon tbe 
metal, and the oxide so produced is dissolved by tbe water ; but 
fortunately, different waters act with very different degrees of rapidity 
upon tbe metal, according to tbe nature ' of tbe substances wbicb they 
■contain. 


Tbe film of oxide wbicb forms upon the surface of the lead is insoluble, 
or nearly so, in water containing much sulphate or carbonate of calcium, 
so that bard waters may generally be kept without danger in leaden 
■cisterns, but soft waters, and those which contain nitrites or nitrates, 
should not be drunk after contact with lead. ISTearly all waters which 
have been stored in leaden cisterns contain a trace of the metal, and 
sin(^ the action of this poison, in minute doses, upon theisystem iS so 
p'adual that the mischief is often referred to other causes, it is much 
0 e desu’ed that lead should be discarded altogether for the construc- 
tion of cisterns. (See Lead.) 

r ^ glass tumbler with it, place this on white paper, 

}-irr,TO« nitric acid, and some hydrosulphuric acid ; a dark- 
0 n tinge will be seen onlooking through the water from above. 

Mineral xoaters, as. they are popularly called, are simply spring waters 
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containing so large a quantity of some ingredient as to have a decided 
medicinal action. They are differently named according to the nature 
of their predominating constituent. Thus, a chalybeate water contains 
a considerable quantity of a salt of iron (usually ferrous carbonate dis- 
solved by free carbonic acid ) ; an acidulous water is distinguished by a 
large proportion of carbonic acid, and is well exemplified in the cele- 
brated Seltzer 'water; a. sulphureotbs ov hepatic water has the nauseous 
odour due to the presence of sulphuretted hydrogen. The Harrogate 
water is eminently sulphureous. Saline waters are such as contain a 
large quantity of some salt ; thus the saline springs of Cheltenham are 
rich in common salt and sodium sulphate. 

The chalybeate waters, which are by no means uncommon, become 
brown when exposed to the air, and deposit a rusty sediment which 
consists of the ferric hydrate, formed by the action of the oxygen of the 
air on the carbonate. (See Iron.) 

45. Sea viater contains the same salts as are found in waters from 
other natural sources, but is distinguished by the very large proportion 
of sodium chloride (common salt). A gallon of sea Avater contains 
usually about 2500 grains of saline matter, of Avhich 1890 grains consist 
of common salt. The circumstance that clothes wetted with sea water 
never become perfectly dry is to be ascribed chiefiy to the magnesium 
chloride present in the water, which is distinguished by its tendency to 
deliquesce or become damp in moist air. There are two elements, bro- 
mine and iodine, which are found combined Avith metals in appreciable 
quantity in sea water, though they are of somewhat rare occurrence in 
other waters derived from natural sources. 

46. By distillation pure water may be obtained from most spring and 
river Avaters. 

(Definition. — Distillation is the conversion of a liquid into a vapour 
and its re-condensation into the liquid form in another vessel.) 



Fig. 46 represents tbe ordinary form of still in common nse, in Avhich A is a 
copper boiler containing the water to be distilled ; B the head of the still, which 
lifts out at h, and is connected by the neck 0 with the xcorm D, a tin pipe coiled 
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round in the tub E, and issuing at P. The steam from the boiler, passing into the 
worm, is condensed to the Rquid state, being cooled by the water in, contact with 
the worm ; this water, becoming heated, passes off through the pipe G, being 
replaced by cold water, which is allowed 'to enter through H. If lo gallons of 
river water be taken. Si may be distilled over, but the first half gallon should be 
collected separately, as it contains ammonia and carbonic acid. 

Another form of apparatus for distillation of water and other liquids is shown 
in fig. 47. A is a stoppered retort, the neck of which fits into the tube of a 
Liebig's condenser (B), which consists of a glass tube (C) fitted by means of corks 



into a glass, copper, or tinned iron tube D, into which a stream of cold water is 
passed by the funnel B, the heated water running out through the upper tube P. 
The water furnished by the condensation of the steam passes through the guilled 
receiver G, into the fiask H. Heat is gradually applied to the retort by a ring 
gas-burner. 

Many special precautions are requisite in order to obtain absolutely 
pure distilled water for refined experiments, but for ordinary purposes 
the common methods of distillation yield it in a sufidciently pure con- 
dition. 

The saline matters present in the water are of course left behind in 
the still or retort. Sea water is now frequently distilled on board ship 
■when fresh water is scarce. The vapid and disagreeable taste of distilled 
water, which is due to its having been deprived of the dissolved air 
during the distillation, is remedied by the use of Normandy’s still, which 
provides for the restoration of the expelled air. 

47. The physical properties of water are too well known to require 
any detailed description. Its specific gravity in the liquid state is = i, 
being taken as the standard to which the specific gravities of liquid and 
solid bodies are referred. 

(Definition. — The specific gravity of a liquid or solid body is its 
weight as compared with that of an equal volume of pure water at 
60” F., 15.5“ 0.) 

Water assumes the solid form, under ordinaiy ch'cumstances, at 32° F. 
(0° C.), and may be obtained in six-sided prismatic crystals. Snow con- 
sists of beautiful stellate groupings of these crystals. Ice has the 
specific gra'S'ity 0.91 84. In the act of freezing, water expands very 
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considerably, so that 174 volumes of water at 60° F. become 184 volumes 
of ice. The breakage of vessels, splitting of roclcs, &c., by the con- 
gelation of waiter are due to this expansion. Water passes oil’ in vapour 
at all temperatures, the amount of water evolved in a given time of 
course increasing with the temperature. The boiling point of Avater is 
212° F. (100° 0 .). Its absolute boiling, point (p. 25) is 1076° F. 
(580“ C.). 

(Definition. — The boiling point of a liquid is the constant tempera- 
ture indicated by a thermometer, immersed in the vapour of the boiling 
liquid, in the presence of a coil of platinum wire, to facilitate disengage- 
ment of vapour, and at a pressure of 30 in. (762 mm.) Bar.) 

At and above 212° F. at the ordinary atmospheric pressure (30 in. 
Bar.), water is an invisible vapour of specific gi’avity 0.625 (£111’= i). 
One cubic inch of ivater at 60° F. becomes 1696 cubic inches of vapour 
at 212° F. 

From the definition of molecular AVeight given on p. 44 it Avill be seen 
that if the specific gravity of a gas in relation to air be required, it 
may be obtained by multiplying half the molecular Aveight by 0.0695, 
Avhich represents the specific gravitj'- of hydrogen referred to air as the 
unit. Thus the specific graAuty of steam (air=i) is 9x0.0695 = 
0.625. 

48. Peroxide of hydrogen or hydrogen dioxide, H^O.^ (oxygenated AA-ater). This 
compound is seldom met Avith in nature, and has no very important useful 
application in the arts, but it possesses very great interest for the student of 
chemical philosophy, because it helps to throw some light upon the molecular 
constitution of the elements. 

To prepare the hydrogen dioxide, some baryta (BaO) is heated (at 450° C.) in a 
current of oxygen, Av'hen it becomes converted into the barium dioxide (BaOj). If 
this be powdered, suspended in Avater, and gradually added to water through 
which is passing a stream of carbonic acid gas, the Avater becomes charged with 
the hydrogen dioxide ; BaO,, -t- H ,_,0 -P 00 ^= BaCOj + H.Do. The barium carbonate 
is allowed to subside, and the clear solution of hydrogen dioxide poured off. 

To prepare pure hydrogen dioxide, some barium dioxide (BaO.j) is dissolved in 
as little diluted nitric acid as possible. To this solution one of barium hyaroxide 
(baryta water) is added ; the precipitate, Ba 0 „. 8 H., 0 , is washed by decantation, 
and gradually added to diluted sulphuric acid (1 acid to 6 water, by weight), care 
being taken to leave the liquid very slightly acid, Ba0„-rHoS04=H.j0„-pBaS0,- 
The precipitate is allowed to subside, and the clear liquid evaporated in the 
exhausted receiver of the air-pump, over a dish of oil of vitriol to absorb the 
water, which evaporates much more rapidly than the dioxide. The pure hydrogen 
dioxide is a syrupy liquid of sp. gr. 1.453, with a very slight chlorous odour. It 
dissolves in ether and is slightly volatile in steam. Its most remarkable feature 
is the facility with which it is decomposed into water and ox}'gen.t Even at 
70° F. it begins to evolve bubbles of oxygen. At 212° F. it decomposes AA’ith 
violence. The mere contact with certain metals, such as gold, platinum, and 
silver, which have no direct attraction for oxygen, will cause the decomposition 
of the peroxide without any chemical alteration of the me^^al itself. J Manganese 
dioxide decomposes it Avithout undergoing any apparent change ; but if an acid 
be present the MnO„ will be reduced to MnO, and will pass into solution as a 
manganous salt. Tlie most surprising effect is that which takes place with silver 

* If the II0SO4 were added to the BaOo.SHoO, instead of as recommended, the HoOj 
would be decomposed by the remaining BaO-j as fast as it was formed. 

f The presence of a little free acid renders it rather more stable, whilst free alkali has 
the opposite effect. A solution of hydrogen dioxide, containing a little hydrochloric 
acid, is sold for medicinal and photographic uses, for bleaching ivory and cleaning old 
' Ijictures. The expression 10 volume hydrogen dioxide is used to indicate that 10 vols. 
of oxygen can be obtained from i vol. of the solution. 

t Such inexplicable changes as this are sometimes included under the general denomi- 
nation of catalysis, or decomposition by contact. 
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oxide. If a drop of hydrogen dioxide be allowed to fall upon silver oxide, which 
is a brown powder, decomposition takes place with .explosive violence and great 
evolution of heat, the silver oxide losing its oxygen, and becoming grey, methUic 
silver.^' The oxides of gold and platinum are attacked in a similar manner. 

These very extraordinary changes, which were formerly described as catalytic 
actions, are. now generally accounted for by the hypothesis that the oxygen in the 
oxide of silver, &c., exists in a condition different from that of the second atom of 
oxygen in the hydrogen dioxide, and that these two conditions of oxygen have a 
chemical attraction for each other, similar to that which exists between different 
elements. If the oxygen in the silver oxide be represented as electro-negative 
oxygen (p. 13), as its relation to the metal would lead us to expect, and the second 
atom of oxygen in the hydrogen dioxide be represented as electro-positive oxygen, 
the mutual decomposition of the two compounds might be represented bj^ the 
equation, ' - + - + 

Ag „0 +H., 00 = Ag2+ H.p + 00 . 

The elementary substances, with few exceptions, have molecules composed of 
two atoms, which may be due to the circumstance that each atom is the electrical 
complement of the other. 

If hydrogen dioxide, even in diluted solution, be added to potassium per- 
manganate acidified with sulphuric acid, the red colour is entirely destroyed and 
bubbles of oxygen are evolved, causing effervescence ; K^MmOg+sH^SOj+sH^O., 
=K2S0^-^2MnS04-^8H20 + 50 .,. Here O5 from the hydrogen dioxide have united 
with O. from the permanganate. 

These Experiments form a link in the chain of evidence referred to on page 7, 
that the molecule or ultimate physical particle of oxygen is really composed of 
2 atoms. 

A compound so ready to part with its oxygen as is hydrogen dioxide will, of ' 
course, act as an oxidising agent. Thus it comes about that hydrogen dioxide is 
both a reducing (see aboye) and an oxidising agent. If some black lead sulphide 
is treated with hydrogen dioxide it is rapidly oxidised to the white lead sulphate,. 
PbS + 4 H„ 02 = PbSO, + 4H2O. 

A very striking reaction of hydrogen dioxide is that with chromic acid. If a 
solution of H0O2 be added to a weak solution of potassium dichromate acidified 
with sulphuric "acid, the beautiful blue colour of perchromic acid appears ; 
K;Cr„ 0 . + H„S04 + H20.2 = K2S04-(-H„0-hH3Cr„08.t After a few minutes, the blue- 
colour changes to a very pale green, the perchromic acid being decomposed by 
the sulphuric acid, yielding the green chromium sulphate, and free oxygen, which 
adheres in bubbles to the side of the vessel, HoCr^Og + 3H2SOJ = Cr„(S0^)3 + 4H„0 + O ,. 
If the blue solution be shaken with a little ether, which dissolves the percliromic 
acid and rises with it to the surface where it forms a blue layer, the colour is 
much more lasting, and very minute quantities of hydrogen dioxide may thus be 
detected. Still more delicate tests for hydrogen dioxide are the production of a 
yellow colour with titanic acid, and a yellowish precipitate with uranium salts. 

The decomposition of H„ 0 „ into H „0 and O is attended by evolution of heat, 
amounting to 23000 grm. -units of heat for each grm. -molecule of H,jO„. When 
H„ and 0 combine to form H„ 0 , 69000 units of heat are evolved ; hence, when 
H „0 is decomposed, 69000 units must be absorbed, so that we have, in the for- 
mation of water, H, -1-0= HD-t 69000 heat-units. But since the decomposition 
of H„ 0 „ into H „0 and O evolves 23000 units, its formation from IDO and O 
would absorb the same quantity, and we should have HD -t- O = HjO., - 23000 • 
units. From the two equations we getH-t0._,=H02-f 69000-23000, or H„-fO„= 
H..O.,-l- 46000 heat-units. Now, by the laws of thermo-chemistry, every chemical 
cliange tends to produce that body in the formation of u-hich most heat is liberated ; 
hence -water, and not hydrogen dioxide, is the general result of chemical clianges 
in which H and O are concerned. 

49. Ozone. — This is the name given to a modified form of oxygen, of the true 
nature of which there is still some doubt, as it has never been obtained unmixed 
with ordinary oxygen, but it appears to be formed by the union of 3 atoms of oxygen 
(occupying 3 volumes), to produce a molecule of ozone (occupying 2 volumes). 

*■ If ammonia be very carefully added to silver nitrate until the precipitate formed at 
first is only iust re-dissolved, the solution will give a lustrous deposit of metallic silver 
on addition of a little hydrogen dioxide, and gently heating. 

t It is by no means certain that this formula represents the composition of the blue 
compound. 
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Just as hydrogen dioxide (H„ 0 „)inay be regarded as formed by the combination of 
a molecule of water (H„0) with an atom of oxygen, so ozone may be viewed as 
a combination of a molecule of oxygen ( 0 „) with an atom of oxygen. It would 
then be half as heavy again as ordinary oxygen, and experiment has shown that 
its rate of diffusion is in accordance with this view. 

It derives its name from its peculiar odour to smell), which is often 

perceived in the air of the sea or of the open country, and in linen which has 
been dried in country air. According to Hartley, i volume of oz6ne in 2I, 
million volumes of air may be .perceived by the smell. Oxygen appears to be 
capable of assuming this ozonised condition under various circumstances, the 
principal of which are, the passage of silent electric discharges,* and the con- 
tact with substances (such as phosphorus) undergoing slow oxidation in the pre- 
sence of water. A portion+ of the oxygen obtained in the decomposition of 

water by the galvanic current also exists in the 
— ozonised condition, as may be perceived by its 

odour. 

' induction-tube (fig. 48) affords 

the readiest method of demonstrating the cha- 
racteristic properties of ozone. 

The construction of the apparatus will be 
readily understood from the figure. The out- 
side cylinder and the innermost tube are filled 
with dilute sulphuric acid, which serves the 
double purpose of conducting the electricity 
and keeping down the temperature of the 
oxygen or air. When the wires are connected 
with the poles of an induction-coil the two 
portions of dilute sulphuric acid are oppositely 
electrified, so that the space between the ttvo 
liquids is submitted to the high pressure elec- 
trical discharge necessary for the resolution of 
the oxygen molecules into their atoms, and the 
recombination of these to -form molecules of 
ozone. Through this space the air or oxygen 
(dried by passing through oil of vitriol) is 
passed in the direction of the arrows. The 
induction-tube must be made of thin glass, and 
the space between the inner and the outer tube 
must be as narrow as possible. 

The ordinary chemical test for ozone is a 
damp mixture of starch with potassium iodide. 
100 grains of starch are well mixed in a mortar 
with a measured ounce of cold water, and the 
mixture is slowly poured into 5 ounces of boil- 
ing water in a porcelain dish, with occasional 
stirring. The thin starch-paste thus obtainedMs 
allow’ed to cool, and a few drops of solution of 
pure potassium iodide are added, the mixture being well stirred with a glass rod 
If this mixture be brushed over strips of white cartridge paper, these will remain 
unchanged in ordinary air ; but when they are exposed to ozonised air (such as 
"that which has passed through the induction- tube), they will immediately assume 
a blue colour. The ozone abstracts the potassium from the potassium iodide (KI), 
and sets free the iodine, which has the specific property of imparting a blue colour 
to starch. Papers impregnated with manganese sulphate, lead acetate, or thallous 
oxide become brown, in the first two cases from the formation of the peroxide of 
the metal, and in the last case from the formation of thallic oxide, under the 
■influence of ozone. _ j, . 

If the ozonised air be passed into a solution of indigo [snlpJnndtgottc acul 
largely diluted) the blue colour will soon disappear, since the ozone oxidises the 
indigo, and gives rise to products -which, in a diluted state, are nearly colourless. 
Ordinary oxygen is incapable of bleaching indigo in this manner. If the ozone 
is passed through a tube of vulcanised caoutchouc, this will soon be per- 

■’ It is the odour of ozone which is perceived in working an ordinary electrical machine. 

j Varying from a trace to 17 per cent., according to the electrical conditions. 
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forated by the corrosive effect of the ozone, whilst ordinary oxygen would be 
without effect upon it. If ozonised air be passed into a flask.with a little mercury 
at the bottom, the surface of the mercury will soon become tarnished by the 
formation of oxide, and when the mercury is shaken round the flask it will adhere 
to the sides which is not the case with pure mercury. It is stated that if both 
the mercury and the ozone be drj^ the gas will be converted into oxygen, but the 
mercury will not be oxidised. 

If the ozone be made to pass slowly through a glass tube heated in the 
centre by a spirit-lamp, it will be found to lose its power of affecting the iodised 
starch-paperf the ozone having been re-converted into ordinary oxygen under 
the influence of heat; 2(00„) = 3(0_,). A temperature of 250° C. is sufficient to 
effect this change. A given volume’ of oxygen diminishes when a portion of it 
is converted into ozone by the silent electric discharge, and it regains its original 
volume when the ozone is re-converted by heat. The conversion of oxygen into 
ozone is attended by absorption of heat ; 2O3 - 592op units. 

When a given quantity of oxygen is electrised, or subjected to the action of 
surfaces charged with opposite electricities, only one-fifth, at most, is converted 
into ozone ; but if the ozone be now removed by some sulistance which absorbs 
it, a fresh quantity of the oxygen may be ozonised.* 

The facts that ozone can be produced in pure oxygen and that its formation is 
accompanied by a contraction in volume, lead to the conclusion that ozone is a 
condensed form of oxygen. When the ozonised oxygen has been heated it is 
found -to have expanded to exactly the same volume which the pure oxygen 
occupied, and to no longer contain any ozone. By introducing turpentine into the 
ozonised gas all the ozone is absorbed, and a measurement of the contraction 
caused by this absorption reveals the fact that the volume which has disappeared 
is twice the volume of the contraction effected by ozonising the oxygen. Thus, 
if n c.c. of gas disappeared when the oxygen was ozonised, zn c.c. will be 
absorbed by the turpentine. Therefore 3 vols. of the original oxygen must have 
become 2 vols, of ozone, and if the gas had been heated, instead of having been 
treated with turpentine, these 2 vols. of ozone would have expanded again to 
3 vols. of oxygen. If one atom of oxygen be regarded as occupying one volume, 
then one molecule (2 atoms) must occupy 2 vols. ; so that in producing ozone one 
molecule of oxygen has been combined with one atom of oxygen, forming a 
molecule of ozone, OoO. 

When a neutral solution of potassium iodide is introduced into ozonised 
oxygen, there is no contraction in volume, and yet all the ozone is destroyed ; 
at the same time iodine is liberated from the potassium iodide. If the quantity 
of this iodine be determined, it is found to be as much as would (under other 
circumstances) be liberated by a volume of oxygen identical with the volume 
which disappeared when the oxygen was ozonised. The explanation of these 
observations is easy if the above view of the constitution of ozone be adopted ; 
for the facts may be expressed by the equation — 

OO2 (2 vols. ) -1- zKl HOH = 2KOH -r I, + Oo (2 vols. ), 
showing that it is the third atom of oxy'gen in the molecule of ozone which has 
liberated the iodine. If the solution of potassium iodide be acidified (and thus 
converted virtually into a solution of hydriodic acid), twice as much iodine will 
be liberated and the volume of the ozone will be reduced to one-half ; 

00.. (2 vols.) -f 4HI=2H„0-l-Ij-f0 (i vol.). 

The rate of diffusion of ozone shows that its sp. gr. is 24, corresponding with 
the formula O3. 

By placing a freshly scraped stick of phosphorus (scraped under water to avoid 
inflammation) at the bottom of a quart bottle, with enough water to cover half 
of it, and loosely covering the bottle with a glass plate, enough ozone may be 
accumulated in a few minutes to be readily recognised by the odour and the 
iodised starch. The water at the bottom of the bottle is found to contain, 
besides the phosphorus and phosphoric acids, formed by the slow oxidation of 
the p)bosphorus, some hydrogen dioxide, whence it has been supposed that the 

♦ The proportiou of ozone formed depends upon the intensity and frequency of the 
•electric discharge, the pressure, and the temperature. The last-named influence is the 
greatest According to the older researches (1880) 20 per cent, of the oxygen becomes 
ozone at -2:;° C., 12 per cent, at 20° C., and 2 per cent, at 100° C. ; more lately (1893) 
it has been stated that 5.2 per cent, at 20“ C., and only 10.4 per cent, even at -73° V ., 
can be ozonised. 
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formation of ozone is due to the decomposition of a molecule of oxygen into 
electro-negative oxygen, which combines with' another molecule of oxygen to 
form ozone, and electro-positive oxygen, which combines with a molecule of 
water to form hydrogen dioxide. Thus, 

— f- ^ 

0 „ 4- 00 -f H „0 = H ,,00 + 0 „ 0 . 

This view is supported by the circumstance that hydrogen dioxide appears to be 
produced in every case where ozone is formed in the presence of water. 

When ozonised oxygen is shaken with hydrogen dioxide, the above equation is 
reversed, water and ordinary oxygen resulting.* 

Impure ether and essential oils, such as turpentine, slowly absorb oxygen {and 
perhaps ozone) from the air. There are thus produced organic peroxides which 
yield hydrogen dioxide in contact with water, so that old samples of these com- 
pounds exhibit the reactions of hydrogen dioxide. A solution of hydrogen di- 
oxide in ether (ozonic ether) has been used as a test for blood stains. 

Contact with blood decomposes hydrogen dioxide, and the oxygen which is 
liberated is capable of blueing guaiacum resin. Accordingly, if a blood-stain be 
moistened with tincture of guaiacum (a solution of the resin in spirit of wine), ' 
and afterwards with the ozonic ether, it acquires an intense blue colour, w'hich 
may be detected, even on a coloured fabric, by pressing a piece of white blotting- 
paper upon it. 

Ozone has attracted much notice, because a minute proportion of the oxygen 
in the atmosphere appears sometimes to be present in this form, and its active 
properties have naturally led to the belief that it must exercise some influence 
upon the sanitary condition of the air. This idea is encouraged by the circum- 
stance that no indications of ozone can be perceived in crowded cities, where 
there are so many oxidisable substances to consume the active oxygen, whilst 
the air in the open country and at the seaside does give evidence of its presence. 
Some chemists assert that their experiments have demonstrated the very im- 
portant fact that a portion of the oxygen developed by growing plants is in the 
ozonised form, but the evidence on the subject is conflicting. , Houzean fixes the 
maximum proportion of ozone at 7 gir of the volume of air. The proportion 
is highest in May and June, lowest in December and January. 

Ozonised oxygen exhibits a sky-blue colour when view^ed along a column of one 
metre in length. The blue colour becomes very deep under a pressure of several 
atmospheres. It has been suggested that the blue colour of the sky is due to our 
regarding' it through the ozonised atmosphere. Ozone is condensed to a blue 
liquid at - 181° 0 .; it boils at - 106° C. It is slightly soluble in water ; 100 vols. 
water dissolve 0.83 vols. ozone (at 1° C.). 

In want of stability, ozone resembles hydrogen dioxide ; contact with manga- 
nese dioxide converts it into ordinary oxygen. Even shaking wnth powdered 
glass will de-ozonise the ozonised oxygen. When kept for some days, all the 
ozone is gradually re-converted into oxygen. 


ATMOSPHERIC AIR. 

50. Atmospheric air consists chiefly of a mixture of nitrogen with one- 
fifth of its volume of oxygen, and very small proportions of carbonic 
acid gas (carbon dioxide) and ammonia. Yapour of water is of course 
always present in the atmosphere in varying proportions. Since the 
atmosphere is the receptacle for all gaseous emanations, other substances 
may be discovered in it by very minute analysis, but in proportions too 
small to have ‘any perceptible influence upon its properties. Thus 
marsh-gas or light carburetted hydrogen, sulphuretted hydrogen, and 
sulphurous acid gas, can often be traced in it, the two last especially in 
or near towns. 

Although the proportion of oxygen in the air at a given spot may be 

* The oxygen obtained by the action of warm sulphuric acid on barium dioxide, or on 
crystallised potassium permanganate, resembles ozone in its odour and action on the 
iodised starch paper. 
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much diminished, and that of cai’bonic acid gas increased, by processes 
of oxidation (such as respiration and combustion) taking place there, 
the operation of wind and of diffusion so rapidly mixes the altered air 
with the immensely greater general inass of the atmosphere, that the 
variations in the composition of air in different places are very slight. 
Thus it has been found that the proportion of oxygen in the am in 
the centre of Manchester was, at most, only 0.2 per cent, below the 

average. . .. 

The proportions in which the oxygen and nitrogen are generally 
present in atmospheric air, freed from water and carbonic acid, gas, 
ire — nitrogen, 79.16 per cent, by volume, or 76.85 psi^ cent, by weight ; 
oxygen, 20.84 per cent, by volume, or 23.15 cGnt. by weight. 

The proportion of aqueous vapour may be stated, on the average, as 
1.4 per cent, by volume, or 0.87 per cent, by weight of the air. The 
carbonic acid gas may be generally estimated at from 0 . 0 ^ to 0.04 per 
cent, by volume, or from 0.045 per cent, by weignt of the air. 

The total weight of atmospheric air surrounding the globe exceeds 
300,000 million tons. 

The exact volumetric analysis of air has been already given (p. 41). 

The proportion of oxygen to nitrogen in air may be exhibited by suspending 
a stick of phosphorus upon a wire stand (A, fig. 49) in a measured volume of 
air confined over water. The cylinder (B) should have been previously divided 
into five equal spaces, by measuring water into it, and marking each space by a 



thin line of Brunswick black. After a few hours, the phosphorus will have com- 
bined with the whole of the oxygen to form phosphorous and phosphoric acids, 
which are absorbed by the water, leaving four of the spaces occupied by 
nitrogen. 

The same result may be arrived at in a much shorter time by burning the 
phosphorus in the confined portion of air. 

A fragment of phosphorus dried by careful pressure between blotting-paper, is 
placed upon a convenient stand (A_, fig. 50) and covered with a tall jar, having an 
opening at the top for the insertion of a well-fitting stopper {which should be 
greased with a little lard), and divided into seven parts of equal capacity. The 
3ar should be placed over the stand in such a manner that the water may occupy 
the tw 0 low’ost spaces into which the jar is divided. The stopper of the jar is 
furnished with a hook, to which a piece of brass chain (B) is attached, long enough 
to touch the phosphorus when the stopper is inserted. The end of this chain is 
heated in the flame of a lamp, and the stopper tightly fixed in its place. On allow- 
ing the hot chain to touch the phosphorus, the latter bursts into vivid combustion, 
^ ^ 1 white fumes, and covering its sides for a few moments 

with white flakes of phosphoric anhydride. At the commencement of the experi- 
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ment, the water in the jar will be depressed, in consequence of the expansion of 
the air due to the heat produced in the burning of the phosphorus, but presently, 
when the combustion begins to decline, the water again rises, and continues to 
do so until it has ascended to the line (0), so as to occupy the place of one-fifth 
of the air employed in the experiment. The phosphorus will then have ceased to 
burn, the white flakes upon the sides of the jar will have acquired the appearance 
of drops of moisture, and the fumes will have gradually disappeared, until, in the 
course of half an hour, the air remaining in the jar will be as clear and transparent 
as before, the whole of the phosphoric anhydride having been absorbed by the 
water. The jar should now be sunkin water, so that the latter may attain to the 
same level without as within the jar. On removing the stopper, it will be found 
that the nitrogen in the jar will no longer support the combustion of a taper. 

In the rigidly accurate determination of the proportion of oxygen to nitrogen 
in the air, it is of course necessary to guard against any error arising from 
the presence of the water, carbonic acid gas, and ammonia. With this view, 
Dumas and Boussingault, to whom we are originally indebted for our exact 
knowledge of the composition of the air, caused it to pass through a series of 
tubes (A, fig. 51) containing potash, in order to remove the carbonic acid gas. 



then through a second series (B) containing sulphuric acid, to absorb the ammonia 
and water ; the purified air then passed through a glass tube (C) filled with bright 
copper heated to redness in a charcoal furnace, which removed the whole of the 
oxygen, whilst the nitrogen passed into the large globe (N). 

Both the tube (containing the copper) and the globe were carefully exhausted 
of air and accurately weighed before the experiment ; on connecting the globe 
and the tube with the purifying apparatus, and slowly opening the stop-cocks, the 
pressure of the external air caused it to flow through the series of tubes into the 
globe destined to receive the nitrogen. When a considerable quantity of air had 
passed in, the stop-cocks were again closed, and after cooling, the weight of the 
globe was accurately determined. The difference between this weight and that 
of the empty globe, before the experiment, gave the weight of the nitrogen which 
had entered the globe ; but this did not represent the whole of the nitrogen con- 
tained in the analysed air, for the tube containing the copper had, of course, 
remained full of nitrogen at the close of the experiment. This tube, having Been 
weighed, was attached to the air-pump, the nitrogen exhausted from it, and the 
tube again weighed ; the difference between the two weighings furnished the 
weight of the nitrogen remaining in the tube, and was added to the weight of 
that received in the globe. The oxygen was represented by the increase of the 
weight of the exhausted tube containing the copper, which was partially con- 
verted into CuO by combining with the oxygen of the air passed through it. 

5 ^ nitrogen remaining after the removal of the oxygen from an* 
in the above experiments was so called on account of its presence in 
nitre (saltpetre, KNOJ. In physical properties it resembles oxygen, but 
is somewhat lighter than that gas, its specific gravity being o.pyi^J'' 

This difference in the specific gravities of the two gases is well exhibited by 
the arrangement shown in fig. 52. A jar of oxygen ( 0 ) is closed with a glass 
plate, and placed upon the table. A jar of nitrogen (N), also closed with a glass 
plate, is placed over it, so that the two gases may come in contact when the glass 
plates are removed. The nitrogen will float for some seconds above the oxygen, 
and if a lighted taper be quickly introduced through the neck of the upper jar, 

’’ Eayleigh observed that atmospheric nitrogen is specifically heavier than nitrogen 
from other sources. While this sheet is being printed, it is announced that air coutsins 
about I per cent, of an inert gas of sp. gr. i) about 20, hitherto mistaken for nitrogen. 
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it will be extinguished in passing through the nitrogen, and will be rekindled 
brilliantly when it reaches the oxygen in the lower jar. 

It might at first sight appear surprising that oxygen and nitrogen, 
though of difierent specific gravities, should exist iu uniform proportions 
in all parts of the atmosphere, unless in a state of chemical combina- 
tion; but an acquaintance with the property of diffusion (p. 22) 
possessed by gases, teaches us that gases loill mix ivith each other in 
op2)ositio7i to gravitation, and when mixed will alivays remain so. 

It was shown by Graharh that a partial separation of the nitrogen and oxygen 
in air may be effected, on the same principle as that of hydrogen and oxygen at 
page 25, by taking advantage of the difference in their rates of diffusion. He 
devised, however, a more convenient process, 

founded upon the diahjtic (osmotic) passage of ^ 

the gases through caoutchouc, which he ascribed "" ■ " fl 

to the absorption of the gas by the solid mate- " p 

rial upon one side, and its escape on the other. 

A bag (a, fig. 53) is made of a fabric com- 1 HI® 

posed of a layer of caoutchouc between two | 1 li I 

layers of silk, such as that employed for water- | ' I 1 

proof garments; a piece of carpet is placed J | I ’ 

inside the bag to keep the sides apart, and the I | I I S! 






Fig. 53. — Sprengel’s pump. Dialysis of air. 


edges of the bag are made perfectly air-tight with solution of caoutchouc. To main- 
tain a vacuum within the bag, it is supported by a rod v, and attached to Sprengel's 
air-2mmp, in which a stream of mercury, aUowed to flow from a funnel (/) down 
a tribe (c) six feet long, draws the air out of the bag, through a lateral tube (/;), 
until all the air is exhausted, which is indicated by the barometer tube &, the 
lower end of which dips into a cistern of mercury. When the mercury in this 
tube stands at almost exactly the same height as the standard barometer, the 
exhaustion is complete. If a test-tube (d) filled with mercury be now inverted 
over the end of the long tube c, which is bent upwards for that purpose, the^ 
bubbles of air which are drawn through the sides of the vacuous bag, and carried 
down the long tube by the little pistons of liquid mercury as they fall, will pass 
up into the test-tube ; when the latter is filled with the gas, its mouth is closed 
with the thumb, withdrawn from the mercury, and a match with a spark at the 
end inserted, when the spark will burctout into flame, showing that the specimen 
of air collected is much richer in oxygen than ordinary atmospheric air. The 
overflow^ tube g delivers thb mercury which is to be returned to the funnel /I 
The dialytic passage of oxygen through caoutchouc into a vacuum is twice as 
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rapid as that of nitrogen, so that the air collected in the tube contains twice as 
much oxygon as the external air. 

This osmotic passage of gases through solids is quite unconnected with 
difiEusibility of the gases, and appears to ’ (Jepend rather upon the chemical 
nature of the gas and of the solid. It is thus connected wdth the occlusion 
of gases by solids. It is in consequence of this osmotic passage that tubes 
of iron or platinum, which are quite impermeable by hydrogen at the. ordi- 
nary temperature, will allow it to pass rapidly through their walls at high 
temperatures. 

That air is simply a mechanical mixture of its component gases is 
amply proved by the circumstance that it possesses all the properties 
Avhich would be predicted for a mixture of these gases in such propor- 
tions ; whilst the essential feature of a chemical compound is, that its 
properties cannot be foreseen from those of its constituents. (See p. 6.) 

The absence of active chemical properties is a very striking feature 
of nitrogen, and admirably adapts it for its function of diluting the 
oxygen in the atmosphere. 

The chemical relations of air to animals and plants will be more 
appropriately discussed hereafter. (See Carbonic Acid, Ammonia,) 

In considering the composition of air, much attention has been 
directed of late years to the ditst or minute particles of solid matter 
whicli, although much heavier than air, are suspended in it by the action 
of curi-ents, and may always be detected by a beam from the sun or the 
electric lamp or the lime-light, which would be invisible along its track 
through optically air. Such dust has been found to contain iron, 
lime, silica, and other inorganic substances, besides organic matter. 

The fine particles of mineral substances present in the dust are the 
probable cause of the crystallisation of super-saturated solutions of salts 
(p. 48) when exposed to air. The vegetable particles appear to contain 
minute seeds which germinate when deposited in certain liquid or moist 
solid substances, and give rise to mould, mildexo, and fermentation. The 
animal particles are believed to contain the germs by the agency of 
which certain forms of disease are spread. 

The dust of the air has also a considerable influence on the produc- 
tion of fogs. Air at the ordinary temperature (16° C.) is said to be 
“dry” when it contains less than 5 grams of water vapour per cubic 
metre (35.37 cubic feet), and “damp” when it contains moi’e than 10 
grams of water vapour in this volume, the sensation of dryness or 
dampness having relation to the degree of rapidity with which the 
water excreted by the skin is able to evaporate. When damp air is 
chilled the water vapour is deposited from it in the form of fog, 
unless the air be optically pure, when no condensation ,of the water 
occurs. It would appear from this that the dust particles in the air 
form nuclei around which the aqueous vapour can precipitate, much as 
the crystals form around a particle in a supersatui’ated solution. The 
aggravation of a fog by smoke may perhaps be partly due to such a cause. 

It lias been shown that dust particles are not alone in causing precipitation of 
aqueous vapour, many gases which are free from suspended particles having a 
similar effect. Sulphur dioxide is an example ; this gas is always present in 
London air, being a product of the combustion of coal containing iron pyrites ; it 
is more abundant in foggy weather, but whether it is a cause of the fog or is 
merely retained by it remains uncertain. 



COMBUSTION OP DIAMOND. 


69 


CAEBON. 

C= 12 parts by weight.* 

52. This element is especially remarkable for its uniform presence in 
organic substances. The ordinary laboratory test by which the chemist 
decides whether a substance under examination is of organic origin, 
consists in heating it with limited access of air, and observing whether 
any blackening from separation of carbon (carbonisation) ensues. 

Few elements are capable of assuming so many different aspects as 
is carbon. It is met with transparent and colourless in the diamond, 
opaque, black, and quasi-metallic in graphite or black lead, dull and 
porous in wood charcoal, and under new conditions in anthracite, cohe, 
and gas-carbon. 

In nature, free carbon may be said to occur in the forms of diamond, 
graphite, and anthracite (the other varieties of coal containing con- 
siderable proportions of other elements). 

Apart from its great beauty and rarity, the diamond possesses a 
special interest in chemical ejms, from its having perplexed philosophers 
up to the middle of the last century, notwithstanding the simplicity of 
the experiments required to demonstrate its true nature. The first idea 
of it appears to have been obtained by Newton, when he perceived its 
great power of refracting light, and thence inferred that, like other 
, bodies possessing that property in a high degree, it would prove to be 
combustible (“an unctuous substance coagulated”). When the pre- 
diction was verified, the burning of diamonds was exhibited as a 
marvellous experiment, but no accurate observations appear to have 
been made till 1772, when Lavoisier ascertained, by burning diamonds 
suspended in the focus of a burning-glass in a confined portion of 
oxygen, that they were entirely converted into carbonic acid gas. In 
more recent times this experiment has been repeated with the utmost 
precaution, and the diamond has been clearly demonstrated to consist 
of carbon in a crystallised state. 

A still more important result of this experiment was the exact determination 
of the composition of carbon dioxide, without which it would not be possible to 
ascertain exactly the proportion of carbon in any of its numerous compounds, 
since it is always weighed in that form. 

The most accurate experiments upon the synthesis of carbon dioxide have been 
conducted with the arrangement represented in fig. 54. 

'Within a porcelain tube A, which is heated to redness in a charcoal fire, was 
placed a little platinum tray, accurately weighed, and containing a weighed 
quantity of fragments of diamond. One end of the tube was connected with a 
gas-holder B, containing oxygen, which was thoroughly purified by passing 
through the tube C, containing potash (to absorb any carbonic acid gas and 
chlorine which it might contain), and dried by passing over pumice soaked with 
concentrated sulphuric acid in D andE. To the other end of the porcelain tube A, 
there was attached a glass tube F, also heated in a furnace, and containing 
oxide of copper to conveit into carbonic acid gas any carbonic oxide which might 
have been formed in the combustion of the diamond. The carbonic acid gas 
was then passed over pumice soaked with sulphuric acid in G, to remove any 
trace^ of moisture, and afterwards into a weighed bulb-apparatus H, containing 
sn^Utibh of potash, and two weighed tubes I, K, containing, respectively, solid 

*' Inasmuch os carbon is non-volatile, its atomic weight cannot be detennined by com- 
paring the_ weight of a volume of it with that of an equal volume of hydrogen (p. 8). 
The considerations which lead to the adoption of 12 for the atomic weight of this 
element will he giv'en later. 



70 


SYNTHESIS OF CAEBON DIOXIDE. 


potash and sulphuric acid on pumice, to guard against the escape of aqueous 
vapour taken up by the excess of oxygen in its passage through the bulbs H. 
The increase of weight in H, I, K, represented the carbonic acid gas formed in 
the combustion of an amount of diamond indicated by the loss of weight suffered 
by the platinum tray, and the difference between the diamond consumed and the 



carbonic acid gas formed 
combined with the carbon. 


would express the amount of oxygen which had 
A large number of experiments conducted in this 


manner, both with diamond and graphite, showed that 12 parts of carbon 
furnished 44 parts of carbonic acid gas, and consumed, therefore, 32 parts of 
oxygen. 

A convenient arrangement for burning a diamond in oxygen is shown in fig. 55. 
The diamond is supported in a short helrx of platinum wire A, which is attached 
to the copper wires B B, passing through the cork C, and con- 
nected wrth the terminal rvires of a Grove’s battery of five or six 
cells. The globs having been filled with oxygen by passing the 
gas down into it till a match indicates that the excess of oxygen 
is streaming out of the globe, the cork is inserted, and the wires 
coniiected with the battery. When the heat developed in the 
platinum coil by the passage of the current, has raised the 
diamond to a lull red heat, the connexion with the battery may 
be interrupted, and the diamond will continue to burn vith 
steady and intense brilliancy. 



I'ig- 55 


To an observer unacquainted with the satisfactory nature of this de- 
mon .strati on, it would appear incredible that the ti’anspai’ent diamond, 
so resplendent as to have been reputed to emit light, should be identical 
in its chemical composition with graphite {plumbago or black lead), from 
which, in external appearance, it differs so widely. For this difference 
is not confined to their colour; in crystalline form they are not ai\]'e 
least alike, the diamond occurring generally in octahedral crystrLl 
Avhilst graphite is found either in amorphous masses (that is, having 
definite crystalline form), or in six-sided plates Avhich are not geo- l 
metrically allied Avith the form assumed by the diamond. Carbon, 
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therefore, is dimorphous, or occurs in. two distinct crystalline forms. 
Even m weight, diamond and graphite are very dissimilar, the former 
having an average specific gravity of 3.5 and the latter of 2.3. Again, 
a crystal of diamond is the hardest of all substances, whence it is used 
for cutting and for writing upon glass, but a mass of graphite is soft 
and easily cut AAuth a knife. The diamond is a non-conductor of elec- 
tricity, but the conducting power of graphite renders it useful in the 
electrotype process. 

Diamonds ai'e chiefly obtained from Golconda, Borneo, and the 
Brazils. They usually occur in sandstone rock or in mica slate. The 
hardness of the diamond renders it necessary to employ diamond-dust 
for the purpose of cutting and polishing it, which is effected nfith the 
aid of a revolving disk of steel, to the surface of which the diamond- 
dust is applied in the form of a paste made with oil. The crystal in its 
natural state is best fitted for the purpose of the glazier, for its edges 
are usually somewhat curved, and the angle formed by these cuts the 
glass deeply, while the angle formed by straight edges, like those of an 
ordinary jeweller’s diamond, is only adapted for scratching or writing 
upon glass. Drills with diamond points have been employed in tunnel- 
ling through hard rocks. The diamond-dust used for polishing, tkc., is 
obtained from a dark amorphous diamond {Oarhonado) found at Bahia 
in the Brazils ; 1000 ounces annually are said to have been occasionally 
obtained from this source. When burnt, the diamond always leaves a 
minute proportion of ash of a yellowish colour in which silica and oxide 
of iron have been detected. A genuine diamond may be known by its 
combining the three qualities of extreme hardness, enabling it to scratch 
hardened steel, high specific gravity (3.52), and insolubility in hydro- 
fluoric acid.'* Sapphire (AkOj) is nearly as hard as diamond, but its 
specific gravity is about 4. 

Although the diamond, when preserv’-ed from contact with the air, 
may be heated very stx’ongly in a furnace, without suffering any change, 
it is not proof against the intense heat of the discharge taking place 
between two carbon points attached to the terminal wires of a powerful 
galvanic battery. If the experiment be performed in a vessel exhausted 
of air, the diamond becomes converted into a black coke-like mass which 
closely resembles graphite in its properties. 

Graphite always leaves more ash than the diamond, consisting chiefly 
of the oxides of iron and manganese, with particles of quartz, and some 
times titanic oxide. The purest specimens are those of compact amor- 
phous graphite from Borrowdale in Cumberland ; an inferior variety, 
imported from Ceylon, is crystalline, being composed of hexagonal 
plates. Graphite is obtained artificially in the manufacture of cast 
ii’on : in some cases, a portion of the carbon of the cast iron separates 
in cooling, in the form of crystalline scales of graphite, technically 
called^ h'sh. In the grey variety of cast iron these scales of gi’aphite 
are diffused through the mass of the metal, and are left undissolved 
when the ix-on is dissolved by an acid. 

* Artificial diamonds have been made bj' dissolving amorphous carbon in molten iron 
at nearly 3000° C., and suddenly cooling the metal by pouring it into melted lead. In this 
wayonlyibo surface of the globules of iron is immediatelj’ solidified. The inteiior expands 
as it cools and creates that pressure on tlio carbon it contains, which appears to be essen- 
tial to the formation of diamond. By dissolving the iron in acids the diamonds are left. 
They are never comparable with the natural product. 
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Graphite is far more useful than the diamond, for, in addition to its 
application in black-lead pencils, and for covering the surface of iron in 
order to protect it from rust, it is largely employed, in admixture with 
clay, for the fabrication of the plumbago crucibles (j)lue pots), which are 
so valuable to the metallurgist for their power of resisting high tem- 
peratures and sudden change of temperature. Graphite is also some- 
times employed for lubricating, to diminish friction in machinery, and 
ioT facing or imparting a glazed surface to gunpowder. 

Inferior kinds of graphite are treated by Brodic's process. The graphite is 
heated with 2 parts of sulphuric acid and 1 jth or of potassium chlorate. A 
part of the graphite is thus oxidised and converted into graphitic acid, CnH^Oj. 
When the graphite so treated is washed, dried, and heated to redness, the gra- 
phitic acid is decomposed, evolving steam and carbonic oxide gas, which swells 
up the graphite to a light voluminous powder which can be separated from the 
heavy earthy impurities by floating it in water. When much silica is present in 
the graphite, a little sodium fluoride is added after the potassium chlorate has 
been decomposed. 

(Anthracite and the other varieties of coal will be described in a 
separate section.) 

53. Several varieties of carbon (“pseudo-carbons”), obtained by 
artificial processes, are employed in the arts. The most important of 
these are lam2^ black, tvood charcoal, and animal charcoal. 

Lamp black approaches more nearly in composition to pure carbon 
.than either of the others, and is the soot obtained from the imperfect 
combustion of resinous and tarry matters (or of highly bituminous 
coal), from which soiu’ce it derives the small quantities of resin, nitro- 
gen, and sulphur which it contains. The uses of this substance, as an 
ingredient of pigments, of irrinting-ink, and of blacking, depend e\d- 
dently more upon its black colour than upon its chemical proirerties. 
Diamond black is a very pure variety of lamj? black obtained by the im- 
perfect combustion of the natural hydrocarbon gas of the Ohio petro- 
leum region. Sjmnish black is charcoal made from waste cork. 

Wood charcoal presents more features which arrest the attention of 
the chemist, as well on account of its specific properties as of the in- 
fluence exercised by the method adopted for obtaining it, upon its fit- 
ness for the particular purpose which it may be destined to serve. 

If a piece of wood be heated in an ordinary fire, it is speedily con- 
sumed, with the exception of a grey ash consisting of the incombustible 
mineral substances wdiich it contained; if the experiment were per- 
formed in such a manner that the products of combustion of the wood 
could be collected, these would be found to consist of carbonic acid gas 
and water; woody fibre is composed of carbon, hydrogen, aud oxygen 
in the proportion represented by the formula CgHj^O., and Avhen it is 
burnt, the oxygen, in conjunction with more oxygen derived from the 
air, converts the carbon and hydrogen into carbon dioxide and water. 
But if the wood be heated in a glass tube, closed at one end, it will be 
found impossible to reduce it, as before, to an ash, for a mass of char- ' 
coal will remain, having the same form as that of the piece of wood ; in 
this case, the oxygen of the air not having been allowed freemccess to 
the wood, no true combustion has taken place, but the wood has under- 
gone destructive distillation, that is, its elements have arranged them- 
selves, under the influence of the high temperature, into difierent forms 
of combination, for the most pai't simpler in their chemical composition 
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than the wood itself, and capable, unlike the wood, of enduring that 
temperature without decomposition ; thus, it is merely an exchange of 
an unstable for a stable equilibrium of the particles of matter com- 
posing the wood. 

(Definition. — Destructive distillation is the resolution of a complex 
substance into simpler vapours and gases under the influence of heat, 
out of contact with air.) 

The vapours issuing fi’om the mouth of the tube will be found acid 
to blue litmus-paper ; they have a peculiar odoui% and readily take fire 
on contact with flame. These will be more particularly noticed here- 
after, as they contain some very useful substances. The charcoal which 
is left is not pure cai'bon, but contains considerable quantities of oxygen 
and hydrogen with a little 
nitrogen, and the mineral 
matter or ash of the wood. 

When the charcoal is to be 
used for fuel, it is generally 
prepared by a process in which 
the heat developed by the 
combustion of a portion of 
the wood is made to efiect the 



charring of the rest. With Pig. S6. -Charcoal heap, 

this view the billets of wood 


are built up into a heap (Kg. 56) around stakes driven into the 
ground, a passage being left so that the heap may be kindled in 
the centre. This mound of wood, which is generally from 30 to 50 
feet in diameter, is closely covered with turf and sand, except for a few 
inches around the base, where it is left uncovered to give vent to the 
vapour of water expelled from the wood in the first stage of the process. 
When the heap has been kindled in the centre, the passage left for this 


purpose is carefully closed up. After the combustion has proceeded 
for some time, and it is fudged that the wood is perfectly dried, the 


open space at the base is also 
closed, and the heap left to smoul- 
der for three or four weeks, when 
the wood is perfectly carbonised. 

Upon an average, 22 parts of 
charcoal are obtained by this pro- 
cess from 100 of wood. 

A far more economical process 
for preparing charcoal from wood 
consists in heating it in a per- 
forated iron case or slij) (F, fig. 57) 
placed in an iron retort A, from 
which the gases and vapours are 
conducted by the pipe L into the 
furnace B, where they are con- 
sumed. 



Pig. 57. — Charcoal retort. 


On the small scale, the operation maj' be conducted in a glass retort, 
as shown in fig. 58, where the water, tar, and naphtha are deposited in 
the globular receiver, and the inflammable gases are collected over 
water. 


DEODOEISING BY CHARCOAL. 


Fig. 58. — Distillation of wood. 


The infusibility of the charcoal left by wood accounts for its very 
great porosity, upon which some of its most remarkable and useful 
properties depend. The application of charcoal for the purpose of 
*'■ sweetening ” fish and other food in a state of incipient putrefaction 

has long been practised, and 
more recently charcoal has 
I ^ been employed for deodoris- 

rf I ing all kinds of putrefying 

^1 if I and offensive animal or vege- 

I { I table matter. This property 

qpr-a,— ~~T" W charcoal depends upon its 

power of absorbing^ into its 

pores very considerable quan- 
- // titles of the gases, especially 

Fig. 58.-Distillation of wood. those which are easily ab- 

sorbed by water. Thus, i 
cubic inch of charcoal is capable of absorbing about 100 cubic inches of 
ammonia gas and 50 cubic inches of sulphuretted h5’^drogen, both Avhich 
are conspicuous among the offensive results of putrefaction. This con- 
densation of gases by charcoal is a mechanical effect, and does not involve a 
chemical combination of the charcoal with the gas ; it is exhibited most 
powerfully by charcoal which has been recently heated to redness in a closed 
vessel, and cooled out of contact with air by plunging it under mercury. 
Eventually the offensive gases absorbed by the charcoal are chemically 
acted on by the oxygen of the air in its pores. A cubic inch of wood 
charcoal absorbs nearly 10 cubic inches of oxygen, and when the char- 
coal containing the gas thus condensed is presented to another gas 
which is capable of undergoing oxidation, this latter gas is oxidised and 
converted into inodorous products. Thus, if charcoal be exposed to the 
action of air containing sulphuretted hydrogen gas (H„S), it condenses 
within its pores both this gas and the atmospheric oxygen, which 
slowly converts the H^S into stilphuric acid (H,SOj). The presence of 




so much air in charcoal renders it, like Avood, apparently lighter than 
Avater ; Avhen poAvdered it sinks in Avater, its true specific gravity vary- 
ing from 1-4 to 1-9. 

I The great porosity of wood charcoal is strikingly exhibited by attaching a piece 
of lead to a stick of charcoal (fig. 59), so as to sink it in a cylinder of water, which 
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is then placed under the receiver of the air-pump. On exhausting the air, in- 
numerable bubbles will start from the pores of the charcoal, causing brisk 
effervescence. If a glass tube i6 or i8 inches long be thoroughly filled with 
ammonia gas (fig. 6o), supported in a trough containing mercury, and a small 
stick of recently calcined charcoal introduced through the mercury into the tube, 
the charcoal will absorb the ammonia so rapidly that the mercury will soon be 
forced up and fill the tube, carrying the charcoal up with it. On removing the 
charcoal and placing it upon the hand, a sensation of cold will be perceived 
from the rapid escape of ammonia, perceptible by its odour. 

By exposing a fragment of recently calcined wood charcoal under a jar filled 
with hydrosulphuiic acid gas for a few minutes, so that it may become saturated 
with the gas, and then covering it with a jar of oxygen, the latter gas will act 
upon the former with such energy that the charcoal will burst into vivid combus- 
tion. The jar must not be closed air-tight at the bottom, or^ the sudden expan- 
sion may burst it. Charcoal in powder exposed in a porcelain crucible may also 
be employed in the same way. It should be pretty strongly heated in the covered 
crucible, and allowed to become nearly cool before being exj)Osed to the hydro- 
sulphuric acid. 

Charcoal prepared from hard woods absorbs the largest volume of gas. Thus 
charcoal made from the shell of the cocoa-nut will absorb 170 times its volume of 
ammonia gas and. 18 times its volume of oxygen, althougli its pores are quite 
invisible, and its fracture exhibits a semi-metallic lustre. 

As the gases which are evolved in putrefaction are of a poisonous 
chai'acter, the power of wood charcoal to remove them acquires great 
practical importance, and is applied in very many cases ; the charcoal in 
eoarse powder is thickly strewn over matters fi’om which the effluvium 
proceeds, or is exposed in shallow trays to the air to be sweetened, as in 
the wards of hospitals, &c. It has even been placed in a flat box of 
wire gauze to be fixed as a ventilator before a window through Avhich 
the contaminated air might have access, and respirators constructed on 
the same principle have been found to afford protection against 
poisonous gases and vapours. The ventilating openings of sewers in 
the streets may also be fitted with cases containing charcoal for the 
same purpose. Water is often filtered through charcoal in order to 
free it from the noxious and putrescent organic matters which it some- 
times contains. For all such uses the' 

•charcoal should have been recently heated 
to redness in a covered vessel, in order 
to expel the moisture which it attracts 
when exposed to the air; and the char- 
coal which has lost its power of absorp- 
tion will be found to regain it in gi-eab 
measure when heated to redness. 

This power of absorption which char- 
coal possesses is not confined to gases, for 
many liquid and solid substances are 
capable of being removed b3’-that agent 
from their solution in water. This is most 
readily traced in the case of substances 
Avhich impart a colour to the solution, 

- such colour being often removed by the Fig. 61.— Filtration, 
charcoal ; if port wine or infusion of log- 

Avood be shaken with poAvdered charcoal (especially if the latter has 
been recentl}’- heated to redness in a closed crucible), the liquid, when 
filtered through blotting-paper (fig. 61), Avill be found to have lost its 
colour ; the colouring matter, lioAveA-er, seems merelj’^ to have adhered 
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to tlie charcoal, for it may be extracted from the latter by ti’eatment 
■wT-tli a weak alkaline liquid. 

The decolorising fower of wood charcoal is very feeble in comparison 
with that possessed by ione-hlach or animal charcoal, which is obtained 
by heating bones in vessels from which the air is excluded. Bones are 
composed of about one-third of animal and two-thii’ds of mineral sub- 
stances, the latter including calcium phosphate, which amounts to 
more than half 'the weight of the bone, and a little calcium carbonate. 
When bone is heated, as in a retort, so that air is not allowed to have 
free access to it, the animal matter undergoes destructive distillation, 
its elements— carbon, hydrogen, nitrogen, and oxygen — assuming other 
forms, the greater part' of the last three elements, together with a 
portion of the carbon, escaping in different gaseous and vaporous 
products, while a considerable proportion of the carbon remains behind, 
intimately mixed with the earthy ingredients of the bone, and con- 
stituting the substance known as animal charcoal. The great difier- 
ence between the products of the destructive distillation of bone and 
of wood deserves a passing notice. If a fragment of bone or a shaving 
of horn be heated in a glass tube closed at one end, the vapours which 
are evolved will be found strongly alkaline to test-papers, while those 
furnished by the wood were acid: this difference is to be ascribed 
mainly to the presence of nitrogen in the bone, wood being nearly free 
from that element j it will be found to hold good, as a general rule, 
that the results of the destructive distillation of animal and vegetable 
matters containing much nitrogen are alkaline, from the |)resence of 
ammonia (NH^) and similar compounds, while those furnished by non- 
nitrogeniscd substances possess acid characters ; the peculiar odour which 
is emitted by the heated bone is characteristic, and affords us a test by 
which to distinguish roughly between nitrogenised and non-nitrogenised 
bodies. 

An examination of the charred mass remaining as the ultimate result 
of the action of heat upon bone, shows it to contain much less carbon 
than that furnished by wood, for the bone charcoal contains nearly nine- 
tonths of its weight of phosphate (Avith a little carbonate) of caldum : 
■the consequence of the presence of so large an amount of earthy matter 
must be to extend the particles of carbon over a larger space, and thus 
to expose a greater surface for the adhesion of colouring matters, Ac. 
This may partly help to explain the A’^ery great superiority of bone-black 
to Avood charcoal as a decolorising agent, and the explanation deriA'es 
support from the circumstance, that Avhen animal charcoal is deprived 
of its earthy matter, for chemical uses, by Avashing AAUth hydrochloric 
acid, its decolorising power is very considerably reduced. The application 
of this variety of charcoal is not confined to the chemical laboratory, 
but extends to manufacturing processes. The sugar refiner decolorises 
his symup by fi^lteving it through a layer of animal charcoal, and tlie 
distiller employs charcoal to remove the fousel oil with Avhich distilled 
spirits arc frequently contaminated. 

Carbon is remarkable, among elementary’- bodies, for its indisposition 
to enter directly into Combination Avith the other elements, Avhence it 
folloAA's that most of the compounds of carbon have to be obtained by 
indirect processes. This element appears, indeed, to be incapable of 
uniting with any other at the ordinary temperatvire, and. this circum- 
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stniice is occnsioiinlly turnorl <o useful jicc-ount, ns when the ends of 
wooden stakes are charred lieforo being plunged into the earth, when 
the action of the atmospheric oxygen, which, in the presence of moisture, 
would be very active in effecting the decay of the wood, is resisted by 
the charcoal into which theexlernal layer ha.s been converted. The em- 
ployment of black-lead to protect metallic surfaces from rust is another 
application of the same principle. At a high temperature, however, 
carbon combines readily with o.xygen. sulphur, and with some of the 
metiils, and, at a very higli temperature, even with h3'drogen and 
nitrogen. The tendency of cjirbon to combine with oxygen under the 
influence of heat, is shown when a piece of charcoal is strongly heated 
at one point, when the carbon .at this point at once combines with the 
oxj'gen of the surrounding air (forming carbonic acid gas), and the he.at 
developed by this combustion raises the neighbouring particles of carbon 
to the temperature at which the element unites with oxygen, and thus 
the combustion is graduallj’ propagated throughout the mass, which is 
ultimatelj' converted cntirelj' into carbonic acid gas, nothing remaining 
but the white ash, composed of the mineral substances derived from the 
wood emplo3'ed for preparing the charcoal. Itis worth3' of remark, that 
if charcoal had been a better conductor of heat, it would not have been 
so easil3’’ kindled, since the heat applied to any point of the mass would 
have been rapidl3' diflused over its whole bulk, and this point could not 
have attained the high temperature requisite for its ignition, until the 
whole mass had been lieated nearly to the same degree ; this is aetuall3’^ 
found to be the case in charcoal which has been veiy strongl3’- heated 
(out of contact with air), when its conducting power is gre.atly impi'oved 
and it kindles with ver3'' great difliculty. Tlie ignition temperature of 
carbon (charcoal or coke) appears to be about 400° C. The calorific 
valxic of carbon in the form of wood charcoal is represented by the 
number 8080 — that is, i gi'm. of carbon, Avhen burnt so as to form 
carbonic acid gas, is capable of raising 80S0 grins of water from 0° C. 
to 1° C. 

A given weight of charcoal will produce twice as much available heat 
as an equal weight of wood, since the former contains more actual fuel 
and less ox3'gen, and much of the heat evolved b3^ the wood is absorbed 
or rendered latent in the steam and other vapours which are produced 
by the action of heat upon it. The attraction possessed b3' carbon for 
oxygen at a high temperature is turned to account in metallurgic 
operations, when coal and charcoal are employed for extracting the 
metals from their compounds with ox3^gen.'*' 

The unchangeable solidity of carbon is another remarkable feature. 
It is stated that some approach has been made, at extrendely high 
temperatures, to the fusion and vaporisation of carbon, but it cannot 
be said to have been fairly established that this element is able to exist 
in any other than the solid form. Nor can any substance be found by 
the aid of which carbon may bo brought into the liquid form b3’’ the 
process of solution ; for although charcoal gradually disappears when 
boiled with sulphuric and nitric acids, it does not undergo a simple 
solution, but is converted, as will be seen hereafter, into carbon dioxide. 

' Easily reducible oxides, such as oxide of lead, give carbon dioxide when heated with 
charcoal: 2 PbO + C = Pb2+002, but oxides which are not easily reducible, such as oxide 
•of zinc, give carbonic oxide: Zn0 + 0 = 00+Zn. 
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The very striking difference in properties exhibited by diamond, 
graphite, and charcoal, lead to the belief that they consist of dissimilar 
carbon molecules. The investigation of the specific heats and other 
physical constants of these three varieties indicates that the diamond 
molecule contains more atoms than the graphite molecule contains, and 
that the charcoal molecule is still less complex. 

When an element is capable of appearing in two or more forms, 
having different physical properties, these forms are said to he 
allotropic. 

(Definition. — Allotropy is the assumption of different properties 
without loss of chemical identity.) 

Such cases, like those of isomerism among the compounds of cai'bon 
(see Organic Ghemistry), will probably be explained by differences in 
the position and arrangement of the atoms in the molecule. 

Pure carlon is prepared with some difficulty ; the charcoal obtained by heating 
some pure organic substance containing C, H, and O, such as white sugar-candy, 
in a closed crucible, is heated in a porcelain tube, as strongly as possible, in a 
current of dry chlorine gas until no more HCl is produced. The residue in the 
tube is nearly pure carbon. 

54. CoAii. — The various substances which are classed together under 
the name of coal are characterised by the presence of carbon as a largely 
predominant constituent, associated with smaller quantities of hydrogen, 
oxygen, nitrogen, sulphur, and certain mineral matters which compose 
the ash. Coal appears to have been formed by a peculiar decomposition 
or fermentation of buried vegetable matter, resulting in the separation 
of a large proportion of its hydrogen in the form of marsh-gas (CH^), 
and similar compounds, and of its oxygen in the form of carbonic acid 
gas (CO2), the carbon accumulating in the j’esidue. Thus, cellulose 
(OgHjgOj), which constitutes the bulk of woody fibre, might be imagined 
to decompose according to the equation 205B[j„05 = 50H^-f 500,-^03, 
and the occurrence of marsh-gas, and of the paraffin hydrocarbons of 
similar compositions, as well as of carbonic acid gas, in connexion -with 
deposits of coal, supports this account of its formation. Marsh-gas 
and carbonic acid gas are the ordinary products of the fermentation of 
vegetable matter, and a spontaneous carbonisation is often witnessed in 
the “heating” of damp hay. But just as the action of heat upon wood 
produces a charcoal containmg small quantities of the other organic 
elements, so the carbonising process by which the plants have been 
transformed into coal has left behind some of the hydrogen, oxygen, 
and nitrogen ; the last, as well probably as a little of the sulphur, 
having been derived from the vegetable albumen and similar substances 
which are always present in plants. The chief part of the sulphur is 
generally present in the form of iron pyrites (FeS,), derived from some 
extraneous source. The examination of a peat-bog is very instructive 
with reference to the formation of coal, as affording examples of 
vegetable matter in every stage of decomposition, from that in which 
the organised structure is still clearly visible, to the black carbonaceous 
mass which only requires consolidation by pressure in order to resemble 
a true coal. In some cases an important part in the formation of coal 
may have been played by slow oxidation or decay of the vegetable 
matter at the expense of atmospheric oxygen held in solution by water ; 
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since the hydrogen of the compound would be removed by oxidation 
taking place at a low temperature, giving rise to a gradual increase in 
the percentage of cai'bon. 

The three principal varieties of coal — lupiitc, hitumhious coal, and 
anthracite — present us with the material in diflerent stages of carboni- 
sation ; the lignite, or brown coal, presenting indications of organised 
structure, and containing considerable proportions of hydrogen and 
ox)"gen, while anthracite often contains little else than carbon and the 
mineral matter or ash. The following table shows the progressive 
diminution in the proportions of hydrogen and oxygen in the passage 
from wood to anthracite : 




Carbon. 

lljdropcii. 

Oxygen. 

Wood . 


. lOO 

12.1S 

S3. 07 

Peat .... 


. ICO 

9 -S 5 

55-67 

Lignite . 


. lOO 

S.37 

42.42 

Bituminous coal 


. lOO 

6.12 

21.23 

Anthracite 


. too 

2.S4 

1.74 


The combustion of coal is a somewhat complex process, in con- 
sequence of the re-arrangement which its elements undergo when the 
coal is subjected to the action of heat. 

As soon as a flame is applied to kindle the coal, the heated portion 
undergoes destructive distillation, evolving various combustible gases 
and vapours, which take fire and convey the heat to remoter portions of 
the coal. Whilst the elements of the exterior portion of coal are under- 
going combustion, the heat thus evolved is submitting the interior of 
the mass to destructive distillation, resisting in the production of 
. various compounds of carbon and hydrogen. Some of these products, 
such as marsh-gas (CH^) and olefiant gas (CjH.,), burn without smoke > 
while others, like benzene (CpH,.) and naphthalene (0,jHg), which con- 
tain a very large proportion of carbon, undei’go partial combustion, and 
a considerable quantity of carbon, not meeting with enough heated oxy- 
gen in the vicinity to burn it entirely, escapes in .a very finely divided 
state as smoke or soot, which is deposited in the chimney, mixed with a 
little ammonium carbonate and small quantities of other products of 
the distillation of coal. ' When the gas has been expelled from the coal, 
there remains a mass of coke or cinder, which burns with a steady glow 
• until the whole of its carbon is consumed, and leaves an ash, consisting 
of the mineral substances present in the coal. The final results of the 
perfect combustion of coal would be carbonic acid gas (00„), water 
(HjO), nitrogen, a little sulphurous acid gas (SO,), and ash. The pro- 
duction of smoke in a furnace supplied with coal may be prevented by 
charging the coal in small quantities at a time in front of the fire, so- 
that the highly carbonaceous vapours must come in contact with a 
large volume of heated air before reaching the chimney. In arrange- 
ments for consuming the smoke, hot air is judiciously admitted at the 
back of the fire, in order to meet and consume the heated carbonaceous 
particles before they pass into the chimney. 

The difference in the composition of the several varieties of coal gives, 
rise to a great difference in their mode of burning. 

The following table exhibits the composition of representative speci- 
mens of the four, principal varieties ; 



■So 


CAEBONIC ACID GAS. 


Comijosition of Goal. 




Lignite. 

Bituminous 

Coal. 

Wigan Cannel. 

Anthracite. 

Carbon , 


. 66.32 

... 78.57 

. 80.06 ... 

90-39 

Hydrogen 


• 5-63 

... 5.29 

■ 5-53 ••• 

3.28 

Nitrogen 


0.56 

1.84 

. 2.12 ... 

0.83 

Cxygen . 


. 22 86 

12.88 

8.09 ... 

2.98 

Sulphur . 


2.36 

... 0.39 

. 1.50 ... 

0.91 

Ash " 


. 2.27 

... 1.03 

. 2.70 ... 

1.61 



10000 

100.00 

100.00 

100.00 


The lignites furnish a much larger quantity of gas under the action 
•of heat (and therefore burn with more flame than the other varieties), 
leaving a coke which retains the form of the original coal ; while bitu- 
minous coal softens and cakes together, — a useful property, since it 
allows even the dust of such coal to be burnt, if the fire be judiciously 
managed. Anthi-acite {stone coal or Welsh coal) is much less easily com- 
bustible than either of the others, and, since it yields but little gas 
when heated, it usually burns with little flame or smoke. This variety 
of coal is so compact that it will not usually burn in ordinary grates, 
but is much emplojmd for furnaces. (See Chemistry of Fuel.) 

Jet resembles cannel coal in composition. 

Accidents occasionally arise from the spontaneous combustion of coal. 
This appears to be due, in most cases, to the development of heat by 
the slow combination of some constituents of the coal with atmospheric 
• oxygen, and unless due provision be made for the escape of the heat, its 
accumulation may raise the temperature to a dangerous degree. The 
oxidation is more likely to occur if, by careless loading of the coal in 
the ship, much pulverisation of the fuel has occurred (compare p. 30). 

55. Carbon is capable of combining with oxygen in two proportions, 
forming the compounds known as carhonic oxide or carhon monoxide 
'(CO) and carhon dioxide (CO,). 

Carbon Dioxide or Carbonic Acid Gas. 

CO_.=44 parts by weighl^z vols. 44 grammes = 22.32 litres. 

56. It has been already mentioned that carbonic acid gas is a com- 
ponent of the atmosphere, which usually contains about 3 volumes of 
carbonic acid gas in 10,000 volumes of air. The proportion is smaller 
at high altitudes. It is greater during the night than in the day, since 
plants only decompose carbon dioxide in daylight. The oleander leaf 
was found to decompose, on an average, in sunlight, 1108 cubic centi- 
metres (67.6 cubic inches) of CO, per square metre (about ii square 
feet) of leaf-surface, per hour. 

The proportion of CO, does not vary materially in the neighbour- 
hood of a town. 

Carbonic acid gas is chiefly formed by the operation of the atmo- 
. spheric oxj'-gen in supporting cotnbustion and respiration. All sub- 
. stances used as fuel contain a large proportion of carbon, which, in the 
act of combustion, combines with the oxygen, and escapes into the 

The ash of coal consists chiefly of silica, alumina, and peroxide of iron. When lime 
is present in the ash, it is liable to fuse into a rough glass or clinker, which adheres to the 
::grate-bars and causes much inconvenience. 
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atmosphere in the form of carbonic acid gas. In the process of respira- 
tion, the carbonic acid gas is formed from the carbon contained in the 
blood and in the difl'orent portions of the animal frame to which . oxy- 
gen is conveyed by the blood j- the latter, in passing through the lungs, 
gives out, in exchange for the oxygen, a quantity of carbonic acid gas 
produced by the union of a fonner supply of oxygen with the carbon of 
the digested food, which has passed into the blood and has not been 
requii’ed for the repair of wasted tissue. This convei’sion of the carbon 
of the food into carbonic acid gas wall be again referred to ; it wall be 
at once evident that it must bo concerned in the maintenance of the 
animal heat. 

The leaves of plants, under the influence of light, have the power 
of decomposing the carbon dioxide of the atmosphere, the carbon of 
Avhich is applied to the production of vegetable compounds forming 
portions of the organism of the plant, and when this dies, the carbon 
is restored, after a lapse of time more or less considerable, to the 
atmosphere, in the same form, namelj', that of carbon dioxide, in wliich 
it originally existed there. If a plant should have been consumed as 
food by animals, its carbon will have been eventually converted into 
carbonic acid gas by respiration ; the use of the plant as fuel, either 
soon after its death (wood), or after the lapse of time has converted 
it into coal, will also consign its carbon to the air in the form of 
carbon dioxide. Even if the plant be left to decay, this process in- 
volves a slow convei'sion of its carbon into carbon dioxide bj^ the 
oxygen of the air. 

Putrefaction and fermentation ax-e also very important pi'ocesses 
concerned in restoring to the aii’, in the form of carbonic acid gas,^ the 
carbon contained in dead vegetable and animal matter. Although, in 
a popular sense, these two processes .are distinct, yet their chemical 
operation is of the same 'kind, consisting in the resolution of a com^ilex 
substance into simjder forms, produced by contact with some mimite 
living plant or animal. The discussion of the true nature of the pro- 
cess (which is even now somewhat obscure) would 
be premature at this stage, and it ■will suffice for 
the present to state that cax-bonic acid gas 
is one of the simpler forms into w'hich the carbon 

converted by the metamorphosis w'hich ensues 
so quickly upon the death of animals and vege- 
tables. 

The production of carbon dioxide in combustion, respi- 
ration, and fermentation, may be very easily proved by 
experiment.- If a dry bottle be placed over a burning 
•wax taper standing on the table, the sides of the bottle 
■will be covered -with dew from the combustion of the 
hydrogen in the wax; and if a little 'clear lime-water 
be shaken in the bottle, the milky deposit of calcium 
carbonate will indicate the formation of carbon dioxide. 

By arranging two bottles, as represented in fig. 62, and 
inspiring through the tube A, air will bubble through the Fig. 62. 

lime-water in B, before entering the lungs, and will then 

be found to contain too little carbon dioxide to produce a milkiness, but on 
expiring the air, it will bubble through C, and will render the lime-water in this 
bottle very distinctly turbid. 

If a little sugar be dissolved in eight or ten times its weight of warm (not hot) 
water, in the flask A (fig. 63), and a little dried yeast, previously rubbed down 

F 
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with water, added, fermentation will commence in the course of an hour or less, 
and carbonic acid gas may be collected in the jar B. 

57. In the mineral kingdom, carbon dioxide is pretty abundant. 
The gas issues from the earth in some places in considerable quantity, 

as at Nauheim, where there 
is said to be a spring ex- 
haling about 1,000,000 lbs, 
of the gas annually. Many 
spring watei'S, those of Selt- 
zer and Pyrmont, for ex- 
ample, are very highly 
charged with the gas. 

Carbon dioxide is found 
in the air of soils in larger 
proportion than in the 
atmosphere, amounting to 
20 or 30, and occasionally 
even to 600, vols.in 10000. 
It increases with the tem- 
perature, and originates 
from the decay of vegetable 
matter. 

But it occurs in far larger quantity in the immense deposits of lime- 
stone, marble, and clialh, which compose so large a portion of the crust 
of the globe. Calcium carbonate is also met with in the animal king- 
dom. Oystei’-shells contain 98 per cent, and egg-shells 97 per cent, of 
it, and pearls contain about two-thirds of their weight. 

The expulsion of the carbonic acid gas from limestone (OaCOj) forms 
the object of the process of lime burning, by which the large supply of 
lime (OaO) is obtained for building and other purposes. But if it be 
required to obtain the carbonic acid gas without regard to the lime, it 
is better to decompose the carbonate with an acid. 

Preparation of carbonic acid gas . — The form of the calcium car- 
bonate, and the nature of the acid employed, are by no means matters 
of indifference. If dilute sulphuric acid be poured upon fragments 
of maible, the effervescence which occurs at first soon ceases, for the 
surface of the marble becomes coated with the nearly insoluble calcium 
sulphate, by which it is protected from the further action of the acid — 

CaC 03 H„SOj = CaSO, + H„0 + CO,.; 

Marble. Sulphuric Calcium 
acid. sulphate. 

if the marble be finely powdered, or if powdered chalk be employed, 
each particle of the carbonate will be attacked. When lumps of 
calcium carbonate are acted upon by hydrochloric acid, there is no 
danger that any will escape the action of the acid, for the calcium 
chloride produced is one of the most soluble salts — 

CaCOj + 2 HCI = CaCl^ + H„0 + CO,. 

Marble. Hjdroohlonc Calcium 
acid. cliloiide. 

For the ordinary purposes of experiment, carbonic acid gas is most 
easily obtained by the action of hydrochloric acid upon small fragments 
of marble contained either in a two-necked bottle (fig. ii) or in the 
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■centre bulb of a Kijyfs apparatus (fig. 64). The gas may be collected 
by downward displacement. 

"When carbon dioxide is required on a large scale it is used in tbe 
form of furnace gases, which contain nitrogen from the air and COo 
from the combustion of the fuel; or of lime-kiln gases, the CO, in 



which is derived from the limestone ; or of fermenting tun gases, con- 
sisting of nearly pure OOj due to the fei’mentation of sugar. 

58. Proi^erties of carbon dioxide . — Carbonic acid gas is invisible, like 
the gases already examined, but is distinguished by a peculiar pungent 



odour, as is perceived in soda-water. It is more than half as heavy 
again as atmospheric air, its specific gravity being 1.529, which' causes 
^s accumulation near the floor of such confined spaces as the Grotto del 
Cane, where it issues from fissures in the rock. 
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The high specific gravity of carbonic acid gas may be shown by pouring it into 
a light jar attached to a balance, and counterpoised by a weight in the opposite 
scale (fig. 65). I 

Another favourite illustration consists in fioating a soap-bubble on the surface 
of a layer of the gas generated in the large jar (fig. 66), by pouring diluted sul- 
phuric acid upon a few ounces of chalk made into a thin cream with water. 

If a small balloon, made of collodion, be placed in the jar A (fig. 67), it will 
ascend on the admission of carbonic acid gas through the tube B. 



The power which carbonic acid gas possesses of extinguishing flame 
is very important, and has received practical application in the case of 
bimning mines which must otherwise have been flooded with water.''' 


* All gasGS ‘W’hicli talce no part in combustion may extinguish, flame, even in the pre 
^ eence of air, by absorbing heat and reducing the temperature below the burning point 
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Many attsnipts have also been made from time to time to employ this 
gas for subduing ordinary conflagrations, but their success has hitherto 
been very partial. It will be remembered that pure nitrogen is also 
capable of extinguishing the flame of a taper, but a large proportion of 
this gas may be present in air without aii’ecting the flame, whereas a 
taper is extinguished in air containing one-eighth of its volume of car- 
bonic acid gas, and is sensibly diminished in brilliancy by a much 
smaller proportion of the gas. 

A candle is extinguished in air to which 14 per cent, of its volume of CO., has 
been added ; 22 per cent, of nitrogen must be added to produce the same effect. 
The corresponding figures for a coal-gas flame are 33 % and 46 % ; and for a 
hydrogen flame 5S % and 70 %. 

The power of extinguishing flame, conjoined with the high density of carbonic 
acid gas, admits of some veiy interesting illustrations. 

• Carbonic acid gas may be poured from some distance upon a candle, and will 
extinguish it at once. By employing a gutter, made of thin wood or stiff paper, 
to conduct the gas to the flame, it may be e.xtinguished from a distance of 
several feet. 

■ A large torch of blazing tow may be plunged beneath the surface of the car- 
bonic acid gas in the jar (fig. 66). 

Carbonic acid gas may be raised in a glass bucket (fig. 6S) from a large 
jar, and poured into another jar, the air in which has been previously tested with 
a taper. 

A wire stand with several tapers fixed at different levels may be placed in the 
jar A (fig. 69), and carbonic acid gas gradually admitted through a flexible tube 
connected with the neck of the jar, from the cistern B, a hole in the cover pf 
which aUows air to enter it as the gas flows out ; the flame of each taper will 
gradually expire as the surface of the gas rises in the jar. 

A jar of oxygen may be placed over a jar of carbonic acid gas, as shown in 
fig. 52, and a taper let down through the oxygen, in which it will burn brilliantly, 
into the, carbonic acid gas, which extinguishes it, and if it be quickly raised again 
into the oxygen, it will rekindle with a slight detonation. This alternate extinction 
and rekindling may be repeated several times. 

On account of this extinguishing power of carbonic acid gas, a taper 
cannot continue to burn in a confined portion of air until it has 
exhausted the oxygen, but only until its combustion has produced a 
sufficient quantity of carbon dioxide to extinguish the flame.“ 

To demonstrate this, advantage may be taken of the circumstance that phos- 
phorus will continue to burn in spite of the presence of carbonic acid gas. Upon 
the stand A (fig. 70) a small piece of phosphorus is placed, and a taper attached to 
the stand by a wire. The cork B fits air-tight into the jar, and carries a piece of 
copper wire bent so that it may be heated by the flame 
of the taper. A little water is poured into the plate to 
prevent the entrance of any fresh air. If the taper be 
kindled, and the jar plaeed over it, the flame will soon 
die out; and on moving the jar so that the hot wire 
may touch the phosphorus, its combustion will show 
that a considerable amount of oxygen still remains. 

In the same manner, an animal can breathe a 
confined portion of air only until he has charged 
it witb so much carbonic acid gas that the hurtful 
effect of this gas begins to be felt, a considerable quantity (ff oxygen 
still remaining. ’ . 

If the air contained in the jar A (fig. 71), standing over water, be breathed two 
or three times through the tube B, a painful sense of oppression will soon be felt 

* "When the taper is extinguished, the air contains in 100 volumes i 8 j volumes of 
oxygen and 2 } volumes of carbonic acid gas. 
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in conseqxience of the accumulation of carbonic acid gas. The air may thus he- 
charged -with lo volumes of carbonic acid gas in lOO volumes, the o^gen becom- 
ing reduced to about one-half its original quantity. By immersing a deflagrating 
spoon C, containing a piece of burning phosphorus, and having a lighted taper 
attached, it may be shovm that, although there is enough carbonic acid gas 
to extinguish the taper, the oxygen is not exhausted, for the phosphorus continues 
to burn rapidly. 

Carbonic acid gas is not poisonous wben taken into the stomach, but 
acts most injuriously when breathed, by offering an obstacle to the 
escape of carbonic acid gas, by diffusion, from the blood of the venous 

circulation in the lungs, a,nd its con- 
sequent replacement by .the oxygen 
necessary to arterial blood. Any 
hindrance to this interchange must 
impede respiration, and such hin- 
drance would of course be afforded by 
carbonic acid gas present in the air 
inhaled, in proportion to its quantity. 
The difference in constitution and 
temperament in individuals makes it 
impossible that any exact general 
I’ule should be laid down as to the 
precise quantity of carbonic acid gas 
which may be present in air with- 
out injury to respiration, but it may 
be safely asserted that it is not ad- 
visable to breathe for any length of 
time in air containing more than 
(o.i per cent.) of its volume 
of carbonic acid gas. The air of a room contains too much carbonic 
acid gas if half a measured ounce of lime-water becomes turbid when 
shaken in a half-pint bottle of the air. 

. There appears to be no immediate danger, however, until the car- 
bonic acid gas amounts to ^jj-th (0.5 per cent.), when most persons are 
attacked by the languor and headache attending the action of this gas.’^ 
A large proportion of carbonic acid gas produces insensibility, and air 
containing -jVth of its volume causes suffocation. The danger in enter- 
ing old wells, cellars, and other confined places, is due to the accumula- 
tion of this gas, either exhaled from the earth or produced by decay of 
organic matter. The ordinary test applied to such confined air by 
introducing a candle is only to be depended upon if the candle burns as 
brightly in the confined space as in the external air ; should the flame 
become at all dim, it wo^d be unsafe to enter, for experience has 
shown that combustion may continue for some time in an atmosphere 
dangerously charged with carbonic acid gas. 

The accidents from c/ioke damp and after damp in coal mines, and 
from the accumulation, in brewers’ and distillers’ vats, of the carbonic 
acid gas resulting from fermentation, are also examples of its fatal effect. 

The air issuing from the lungs of a man at each expiration contains 
from 3.5 to 4 volumes of carbonic acid gas in 100 volumes of air, and 
could not, therefore, be breathed again without danger. The total 

* The statement that a specific poison accompanies the products of respiration has 
been controverted. 
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amount of carbonic acid gas evolved b}’’ the lungs and sldri amounts to 
about 0.7 cubic foot per hour. Adding this to the carbonic acid gas 
ah-eady present in the air (say .04 per cent.), the total should be dis- 
tributed through at least 3500 cubic feet, in order that it 'may be 
breathed again vdth perfect safety, that is, that the CO, should not 
exceed 0.06 per cent, by volume. Hence the necessity for a constant 
supply of fresh air by ventilation, to dilute the cai'bonic acid gas to 
such an extent that it may cease to impede respii’ation. This becomes 
the more necessary where an additional quantity of cai-bonic acid gas is 
supplied by candles or gas-lights. An ordinary gas-burner consumes 
at least 3 cubic feet of gas per hour, and produces about 1.7 cubic foot 
of carbonic acid gas. Fortunately, a natural provision for ventilation 
exists in the cii’cumstance that the processes of respii’ation and com- 
bustion, ■which contaminate the air, also raise its temperature, thus 
diminishing its specific gra-vity by expansion, and causing it to ascend 
and give place to fresh air. Hence the vitiated air always accumulates 
near the ceiling of an apartment, and it becomes necessary to afford it 
an outlet by opening iihe upper sash of the window, since the chimney 
ventilates immediately only the lower part of the room. 

These principles may be illustrated by some very simple experiments. 

Two quart jars (fig. 72) are filled with carbonic acid gas, and after being tested 
with a taper, a 4-02. flask is lowered into each, one flask containing cold and 



the other hot water. After a few minutes the jar -with the cold flask will still 
contain enough carbonic acid gas to extinguish the taper, whilst the air in the 
other jar will support combustion brilliantly. 

A tall stoppered glass jar (fig. 73 ) is placed over a stand, upon which three 
lighted tapers are fixed at different heights. The vitiated air, rising to the top 
of the jar, will extinguish the uppermost taper first, and the others in succession. 
By quickly removing the stopper and raising the jar a little before the lowest 
taper has expired, the jar will be ventilated and the taper revived. 

A similar jar (fig. 74), with a glass chimney fixed into the neck through a cork 
or piece of vulcanised tubing, is placed over a stand with two tapers, one of which - 
is near the top of the jar, and the other beneath the aperture of the chimney ; if 
a crevice for the entrance of air be left between the jar and the table, the lower 
taper will continue to burn indefinitely, whilst the upper one will soon be extin- 
guished by the carbonic acid gas accumulating around it. 

In ordinary apartments, the incidental crevices of tbe doors 'tand 
windows are depended upon for the entrance of fresh air, whilst the 
- , contaminated air passes out by the chimney ; but in large buildings 
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special provision must be made for the two air currents. In mines 
this becomes the more necessary, since the air receives much additional 
contamination by the gases (marsh-gas and carbon dioxide) evolved 
from the workings, and by the smoke occasioned in blasting with 
gunpowder. Mines are generally provided with two shafts for venti-- 
lation, under one of which (the upcast shaft) a fire is maintained to 
produce the upward current, which carries off the foul air, whilst the 
fresh air descends by the other {doioncast shaft). The current of fresh 
air is forced by wooden partitions to divide itself, and to pass through 
every portion of the workings. 

The operation of such provisions for ventilation is easily exhibited. 

A tall jar (fig. 75) is fitted with a ring of cork, carrying a wide glass chimney 
(A). If this be placed over a taper standing in a plate of water, the accumulation 
of vitiated air will soon extinguish the taper ; but if a second chimney (B), sup- 
ported in a wire ring, be placed within the wide chimney, fresh air will enter 




through the interval between the two, and the smoke from a piece of brown 
paper will demonstrate the existence of the two currents, as shown by the 
arrows. 

A small box (fig. 76) is provided with a glass chimney at each end. In one of 
these (B), representing the upcast shaft, a lighted taper is suspended. A piece of 
smoking brown paper may be held in each chimney to show the direction of the 
current. On closing A with a glass plate, the taper in B will be extinguished, 
the entrance of fresh air being prevented. By breathing gently into A the taper 
will also be extinguished. The experiment may be varied by pouring carbon 
dioxide and oxygen alternately into A, when the taper will be extinguished and 
rekindled by turns. 

A pint bell-jar (fig. 77) is placed over a taper standing in a tray of water. If 
a chimney (a common lamp-glass) be placed on the top of the jar, the flame of 
the taper will gradually die out, because no provision exists for the establishment 
of the two currents, but on dropping a piece of tinplate or cardboard into the 
chimney so as to divide it, the taper will be revived, and the smoke from the 
brown paper will distinguish the upcast from the downcast shaft. 

If a little water be poured into a wide-moutbed bottle of carbon 
dioxide, and the bottle be then firmly closed by the palm of the hand, 
it will be found, on shaking the bottle violently, that the gas is 
absorbed, and the palm of the hand is sucked into the bottle. The 
presence of carbonic acid in the solution may be proved by pouring it 
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into lime-water, in wliicli it will produce a precipitate of calcium car- 
bonate, redissolved by a further addition of the solution of carbonic acid. 

One pint of water shaken in a vessel containing carbonic acid gas, at 
the ordinary pressure of. the atmosphere, and at the ordinary tempera- 
tm-e, will dissolve about one pint of the gas, equal in weight to nearly 
16 grains. If the gas be confined in the vessel under a pressure equal 
to tv^nce or thrice that of the atmosphere — that is, if twice or thrice 
the quantity of gas be compressed into the same space — the water will 
stni dissolve one pint of the gas, but the weight of this pint will now 
be twice or thrice that of the pint of uncompressed gas, so that the 
water will have dissolved 32 or 48 grains of the gas, accordingly as the 
pressure had been doubled or trebled. As soon, however, as the pres- 
sure is removed, the compressed cai-bonic acid gas will resume its 
former state, with the exception of that portion which the water is 
capable of retaining in solution under the ordinary pressure of the 
atmosphere. Thus, if the water had been charged with carbonic acid 
gas under a pressure equal to thrice that of the atmosphere, and had 
therefore absorbed 48 grains of the gas, it would only retain 16 grains 
when the pressure was taken off, allowing 32 grains to escape in 
minute hubbies, producing the appearance known as effervescence. This 
affords an explanation of the properties of soda-water, which is prepared 
by charging water with carbonic acid gas under considerable pressure, 
and rapidly confining it in strong bottles. As soon as the resistance 
offered by the cork to the expansion of the gas is removed, the excess 
above that which the water can hold in solution at the ordinary pressure 
of the air, escapes with effervescence. In a similar manner the waters 
of certain springs become charged with carbonic acid gas, under high 
pressure, beneath the surface of the eai’th, and when, upon their rising 
to the surface, this pressure is removed, the excess escapes with 
effervescence, giving rise to the sparkling appearance and sharp .flavour 
which render spring water so agreeable. On the other hand, the 
waters of lakes and rivers are usually flat and in.sipid, because they hold 
in solution so small a quantity of carbonic acid gas. 

The solution of 00 ^ in water is believed to contain the true carbonic 
acid or hydrogen carbonate, HjCOg, or C0(0H)2, for COg -f II „0 = HjOOg, 
but there is no direct evidence in support of this view. 

. The sparkling character of champagne, bottled beer, &c., is due to the 
presence in these liquids of a quantity of carbonic acid gas which has 
been generated by fermentation subsequent to bottling, and has there- 
fore been retained in the liquid under pressure. In the case of Seidlibz 
powders and soda-water powders, the effervescence caused by dissolving 
.them in water is due to the disengagement of carbonic acid gas, by the 
action of the tartax’ic acid, which composes one of the powders, upon 
the bicai’bonate of soda composing the other powder, producing tartrate 
of soda and carbonic acid gas. In the dry state these powders may be 
.mixed without any chemical change, but the addition of water imme- 
diately causes the effervescence. Many baking poioders are mixtures 
of this kind, being used for imparting lightness and porosity to bread 
and cakes, by distending the dough with bubbles of carbonic acid gas. 

The solubility of carbonic acid in water is of, gi’eat importance in the 
•chemistry of nature; for this acid, brought down from the atmosphere 
dissolved in rain, is able to act chemically upon rocks, such as granite. 
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which contain alkalies — the carbonic acid attacking these, and thiis 
slowly disintegrating or crumbling down the rock, an effect much 
assisted by the mechanical action of the expansion of freezing water in 
the interstices of the rock. It appears that soils are thus formed by 
the slow degradation of rocks, and when these soils are capable of 
supporting plants, the solution of carbonic acid is again of service, not 
only as possibly providing the plant with carbon through its roots, but 
as a solvent for certain portions of the mineral food of the plant (such 
as calcium phosphate), which pure water could not dissolve, and which 
the plant cannot take up except in the dissolved state. 

59. Liquefaction of carbonic acid gas . — It is generally found that the 
greater the solubility of a gas in water the more easily the gas can be 
liquefied ; thus carbon dioxide is much more easily liquefied than is 
either hydrogen or oxygen. At about the ordinary temperature 
(63° E., 17° C.), a pressure of 54 atmospheres (800 lbs. per square 
inch) will condense CO^ to a colourless liquid of sp. gr. 0.83 (water = 
i), and boiling point — 80° C. If the temperature of the gas be re- 
duced to 32° F. (0° C.) a pressure of 35 atmospheres will sufiice to 
liquefy it. 

Liquid carbon dioxide dissolves in alcohol and in ether, but not in 
water. When allowed to evaporate rapidly so much heat is absorbed 
by its passage into the gaseous state that a part of the liquid becomes 
solid carbon dioxide, a snow-like substance. 

The critical temperature (p. 25) of carbon dioxide is 31° 0 . 


-A small specimen of liquid carbon dioxide is easily prepared. A strong glass 
tube (A, fig. 78) is selected, about 12 inches long, inch diameter in the bore, 

and nV inch thick in the 
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Fig. 78. 
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walls. With the aid of the 
blowpipe flame this tube is 
softened and drawn off at 
about an inch from one end, 
as at B, which is thus closed 
(C). This operation should 
be performed slowly, in order 
that the closed end may not 
be much thinner than .the 
walls of the tube. When the 
tube has cooled, between 30 
and 40 grs. of powdered bi- 
carbonate of ammonia (ordi- 
nary sesquicarbonate which 
has crumbled down) are 
tightly rammed into it with 
a glass rod. This part of the 
tube is then surrounded with 
a few folds of wet blotting- 
paper to keep it cool, and 
the tube is bent, just beyond 
the carbonate of ammonia, to 
a somewhat obtuse angle (D). • 
The tube is then softened at 


about an inch from the open end, and drawn out to a narrow neck (E), through 
which a measured drachm of oil of vitriol is poured down a funnel-tube, so as 
not to soil the neck, which is then carefully drawn out and sealed by the blowpipe 
flame, as at F. The empty space in the tube should not exceed J cubic inch. 

When the tube is thoroughly cold, it is suspended by strings in such a position 
that the operator, having retired behind a screen at some distance, may reverse 
the tube, allowing the acid to flow into the limb containing the carbonate of 
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ammonia ; or the tube may be fixed in a box -which is shut up, and reversed so as 
to bring the tube into the required position. 

If the tube be strong enough to resist the pressure, it -will be found, after a few 
hours, that a layer of liquid CO„ has been formed upon the surface of the solution 
of ammonium sulphate. By cooling the empty limb in a mixture of pounded ice 
and salt, or of hydrochloric acid and sodium sulphate, the liquid can be made to 
distil itself over into this limb, leaving the ammonium sulphate in the other. 

Pig, yq represents Thilorier’s apparatus for the preparation of several pints of 
liquid carbon dioxide : </ is a strong wrovght-iron generator of gas in -which 2 lbs. 
of bicarbonate of soda are well stirred with 4 pints of water at 100° P (38° 0.) 
Half a pint of oil of vitriol is poured into a brass tube which is dropped upright 
into the generator, as shown by the dotted lines in the figure, which also indicate 
the level of the liquid in the generator. The head of the generator is then firmly 
screwed on, with the help of the spanners represented in the figure, and the stop- 
cock* firmly closed by turning the wheel w. The generator is then turned over 



and over on its trunnions resting upon the stand s, for ten minutes, so that the 
whole of the sulphuric acid may be mixed with the solution of bicarbonate of 
soda. The generator is then connected, by the copper tube t, with the strong 
wrought-iron receiver r, the stopcock of which is attached to a tube passing down 
to the bottom of the vessel. The stopcock of the receiver is then opened, by 
turning the wheel v, and afterwards that of the generator. 

The condensed gas then passes over into the receiver. After two or three 
minutes the stopcocks are again closed, the generator detached, the waste gas 
blown out through the stopcock, the head unscrewed, and the generator emptied 
and recharged. After the operation has been repeated three times, the pressure 
in the receiver will be found to have liquefied some of the carbon dioxide, and 
after seven charges, the receiver is nearly filled with the liquefied gas. The tube t 
is then unscrewed from the receiver, and replaced by the nozzle 11. If the stop- 
cock be then slightly opened, a stream of the liquid will be forced up the tube, 
and, issuing into the air, will congeal by its own evaporation into an opaque white 
spray of solid carbon dioxide. 

In order to collect the solid, the box shown at h is employed. This is made of 

* These stopcocks are steel screws with conical points fitting into gun-metal sockets. 
Leaden washers are employed to secure the tightness of the joints between the iron vessels 
and their .heads, which are made of gun-metal. 
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brass, and furnisbed with strong flanges by which the cover is secured to it. The 
handles of the box are made of wood. or gutta-percha, and are hollow, with brass 
tubes passing through them to allow of the escape of gas, the ends of the tubes 
within the box being covered by perforated plates, which prevent the escape of 
the solid. The box and its cover having been fitted together, the nozzle of the 
receiver r is inserted into a short tube projecting from the side of the box, and 
whilst one operator holds the box firmly by the handles, another gradually opens 
the stopcock by turning the wheel v. A stream of the liquid is at once forced into 
the box, where it strikes against a curved brass plate arranged so as to force it to 
pass all around the inside of the box; about seven-eighths of it evaporate as gas, 
which rushes out through the tubular handles, and the rest is found in the bbx in a 
solid state resembling snow. It should be quickly shaken on to a sheet of paper, 
and emptied into a beaker placed within a larger beaker, the interval being filled 
up by flannel. By covering the beaker with a dial glass, the solid may be kept 
for some time. The box becomes intensely cold, and condenses the moisture of 
the air to a thick layer of hoar-frost, and if it be dipped into water it becomes 
coated with ice. 

The solid carbon dioxide evaporates Avithout melting, for its own evaporation 
keeps it at a temperature below its melting point. It produces a sharp sensation 
of cold when placed upon the hand, and if pressed into actual contact with the 
skin causes a painful frost-bite. Its rapid evaporation may 
be shown by placing a few fragments on the surface of water 
in the globe (fig. So), which has a tube passing down to the 
bottom, through which the pressure of the carbonic acid gas 
forces the water to a considerable height. 

The solid carbon dioxide is soluble in ether, and it evapo- 
rates from this solution far more rapidly, because the liquid 
is a better conductor of heat than the highly porous solid, 
and abstracts heat more rapidly from surrounding objects. 

If a layer of ether be poured upon Avater, and some solid 
carbon dioxide be thrown into it, the Avater is covered Avith a 
layer of ice. 

On immersing the bulb of a thermometer into the solution 
of solid carbon dioxide in ether, the mercury becomes solid, 
and the bulb may be hammered out into a disk. 

By placing a piece of filter-paper in an evaporating dish, 
pouring a pound or so of mercury into it, immersing a wire 
turned into a flat spiral at the end, covering the mercury 
with ether, and throwing in some solid carbon dioxide, the 
mercury may soon be frozen into a cake. If this be sus- 
pended by the Avire in a vessel of Avater, the mercury melts, 
descending in silvery streams to the bottom of the vessel, 
leaving a cake of ice on the wire, Avith icicles formed during 
the descent of the mercury. This experiment is rendered 
more effective by using an inverted gas-jar, to the neck of which is attached, by 
a perforated cork, a test-tube to catch the mercury. The round lid of a cardboard 
box gives a nice disk of frozen mercury. 

Even in a red-hot vessel, with prompt manipulation, the mercury may be 
solidified by the solution of solid carbon dioxide in ether. For this purpose a 
platinum dish is heated to redness over a large Bunsen burner, a few lumps of 
carbon dioxide are throAvn into it, upon these is held a copper or platinum dish 
containing the mercury, in Avhich is also held a Avire to serve as a handle for' 
withdrawing the mercury. Some more carbon dioxide is thrown upon the mer- 
cury, and ether is spirted on to it from a small washing-bottle. One or two 
additions of the carbon dioxide and ether alternately will freeze the mercury, 
.which may be withdraAvn from the flames by the Avire handle. 

The temperature produced by the evaporation of the solid carbon dioxide dis- 
solved in ether is estimated at - 150° F., or nearly - 100° C. 

60. Carbonic acid gas may be separated from most other gases by the 
action of potash, Avhich absorbs it, forming potassium cai’bonate. The 
proportion of carbonic acid gas is inferred, either from the diminution 
in volume suffered by the gas when treated with potash, or from the 
increase of weight of the latter. 
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In the former case the gas is carefally measured over mercuiy (fig. Si), with 
dne attentioi^ to temperature and barometric pressure, and a little concentrated 
solution of potash is thrown up through a curved pijieiie or syringe, introduced 
into the orifice of the tube beneath the surface of the mercury. The tube is 
o-ently shaken for a few seconds to promote the absorption of .the gas, and, after 
a few minutes’ rest, the diminution of volume is read off. Instead of solution of 
potash, damp potassium hj’^droxide in the solid state is sometimes introduced, in 
the form of small sticks or balls attached to a wire. To determine the weight of 
carbonic acid gas in a gaseous mixture, the latter is passed through a bulb- 
apiiaratus (H, fig. 54), containing a strong solution of potash, and weighed before- 
and after the passage of the gas. A 
little tube, containing solid potash, or 
calcium chloride, or pumice-stone mois- 
tened with sulphuric acid, must be 
attached to the bulb-apparatus, for the 
purpose of retaining any vapour of water 
which the large volume of nnabsorbed 
gas might carry away in passing through 
the solution of potash. 

The method for proving the 
composition of carbon dioxide by 
weight has been given at p. 70, 

Its composition by volume is dealt 
with on p. 99. 

61. Salts foi'med by carbonic acid. 

— Although so ready to combine 
with the alkalies and alkaline earths 
(as shotvn in its absorption by solu- 
tion of potash and by lime-water), 
carbonic acid must be classed among the weaJeer acids. It does nob 
neutralise the alkalies completely, and it may be displaced from its 
salts by most other acids. Its action upon the colouring matter of’ 
litmus is feeble and transient. If a solution of carbonic acid be added 
to blue infusion of litmus, a wine-red liquid is produced, which becomes 
blue again when boiled, losing its carbonic acid ; whilst litmus reddened 
by sulphuric, hydrochloric, or nitric acid, acquires a brighter red colour, 
which is permanent on boiling. 

With each of the alkalies carbonic acid forms two well-defined salts,, 
the carbonate and bicarbonate. Thus, the carbonates of potassium and 
sodium are represented by the formulae, KjCOg and ISTajCOa, whilst the 
bicarbonates are KHCO3 and NaHOOy ”The existence of the latter 
salts would favour the belief in the existence of the compound H„CJ03, 
although this has not yet been obtained in tlie separate state. 

The formula H^OOs represents carbonic acid as a dibasic acid, that is, 
an acid, containing two atoms of H which may be replaced by metals. 

Carbonates may be noi'inal, acid, or basic. A normal carbonate is 
one in which all the hydrogen in HjOOg^is replaced by a metal or 
metals, as in sodium carbonate, HajOO.,, and calcium carbonate, CaOOg. 

An acid carbonate is one in’ which only half of the hydrogen is 
replaced by a metal, as in bydrosodium carbonate, lIaH003. A basic 
carbonate is a normal carbonate in combination with a hydrate of the 
metal, as in white lead, basic lead -carbonate, 2Pb003.Pb(0H),. 

Perfectly dry carbonic acid gas is not absorbed by pare quicklime (CaO), until 
it is heated to 35o‘’-40o° C. 

Two hard glass tubes closed at one end, and bent as in fig. 82, are perfectly 
dried, and filled, over mercury, with well-dried carbonic acid gas. Eragments of 
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lime are taEen, -whilst red hot, out, of a crucible, cooled under the mercury, 
inserted into the tubes, and transferred to the upper end, No absorption of the 
gas takes place, though the tubes be left for some days ; but if one of them be 
heated by a Bunsen burner, the absorption of carbonic acid gas takes place 
rapidly, and the mercury is forced up into the tube. 

62. To demonstrate the presence of carbon in carbonic acid gas, a pellet of 
potassium is introduced into a bulb tube, through which a current of carbonic 
acid gas (dried by passing through oil of vitriol, or over chloride of calcium) is 
flowing, and the heat of a spirit-lamp is applied to the bulb. The metal -udll soon 



burn in the gas, -which it robs of its oxygen, leaving the carbon as a black mass 
in the bulb (fig. 83). The potassium remains in the form of potassium carbonate, 
3C0j-t-K^=2lCC03 4 -C. If slices of sodium be arranged in a test-tube in alter- 
iiate layers with dried chalk (calcium carbonate), and strongly heated with a 
spirit-lamp, vivid combustion will ensue, and much carbon will be separated 
(CaCOj + Na^ = CaO -f- 2Na_,0 -}- C). 


Carbon Monoxide or Carbonic Oxide. 

(CO = 28 parts by weight = 2 volumes.) 

63. The combustion of potassium or sodium in. carbon dioxide 
•deprives the gas of all its oxygen, but other metals, which are not 
endowed with so powerful an attraction for oxygen, do not carry the 
■decomposition of carbon dioxide to its final limit ; thus, iron, zinc and 
magnesium at a high temperature will only deprive the gas of one-half 
of its oxygen, a result which may also be brought about at a red heat 
by carbon itself. If an iron tube filled with fragments of charcoal be 
heated to redness in a furnace (fig. 10), and carbonic acid gas be trans- 
mitted through it, it will be found, on collecting the gas which issues 
from the other extremity of the tube, that on the approach of a taper 
the gas takes fire, and burns with a beautiful blue lambent flame, similar 
to that which is often observed to play over the surface of a clear fire. 
Both flames, in fact, are due to the same gas, and in both cases this gas 
results from the same chemical change, for, in the tube, the carbonic 
acid gas yields half of its oxygen to the charcoal, both becoming 
converted into carbonic oxide; C03-fC = 2C0. In the fire, -the 
carbonic acid gas is formed by the combustion of the carbon of the fuel 
in the oxygen of the air entering at the bottom of the grate ; and this 
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carbonic acid gas, in passing over the layer of lieated carbon in the 
upper pai’t of the fire, is partly converted into carbonic oxide, which 
inflames when it meets with the oxygen in the air above the surface of 
the fuel, and burns with its characteristic blue flame, reproducing 
carbon dioxide.* The carbon monoxide occupies twice the volume of 
the carbon dioxide from which it was produced. 

This conversion of carbon dioxide into carbon monoxide is of great 
importance, on account of its extensive application in metallurgic 
operations. It is often desirable, for instance, that a flame should be 
made to play over the surface of an ore placed on the bed or hearth of a 
reverberatory furnace (fig. 84). This object is easily attained when the 
coal affords a large quantity of inflammable gas : but with anthracite 
coal, which burns with very little flame, and is frequently employed in 
such furnaces, it is necessary to pile a high column of coal upon- the 



Fig. 84. — Beverberatory furnace for copper smelting. 


/ grate, so that the carbon dioxide formed beneath may be converted into 
carbonic oxide in passing over the heated coal above, and when this gas 
reaches 'the hearth of the furnace, into which air is admitted, it burns 
with a flame which spreads over the surface of the ore. It is frequently 
advantageous to make carbon monoxide in this way in a grate {producer) 
at some distance from the furnace and to conduct it thither through 
pipes. (See Chemistry of Fuel.) The temperature of the flame of 
carbonic oxide I)urning in air is estimated at about 1400° 0. 

The attraction of carbonic oxide for oxygen is turned to account in 
removing that element from combination with iron in its ores, as will 
be seen hereafter. 

Dry carbon monoxide will not combine with dry oxygen unless the 
mixture of gases be very strongly heated. This fact is an instance of 
the influence which water vapour exercises in chemical combination 
(compare p, 29). 

It follows that dry carbon monoxide will not burn in dry air or dry oxygen. 
To_ demonstrate this fact, carbon monoxide is passed tbrongb strong snlpbnric 
acid and kindled at a jet ; the flame is introduced into an inverted gas jar con- 
taining ordinary air to show that the combustion will continue in such a vessel ; 
the air in a similar jar. is now dried by shaking strong sulphuric acid in it, the 

* It is stated that when the temperature of the fuel in a furnace has attained 1000° C., 
' the carbon burns directly to carbon monoxide. When carbon is heated in partially dried 
oxygen, carbon monoxide alone is produced, showing that this is the first product of the 
combustion ; it remains carbon monoxide because the oxygen is too dry to burn it to the 
dioxide (p. 95). The carbon of gaseous carbon compounds burns first to.carbon mon- 
oxide, which is further oxidised to the dioxide. 
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acid is quickly poured out, and the flame introduced into the inverted jar, where- 
upon combustion immediately ceases. 

Judging by analogy with other elements, whose combination with two atoms 
of oxygen produces twice as much heat as their combination with one atom, the 
conversion of 0 into CO, should produce twice as much heat as its conversion 
into CO. When C, in the form of charcoal, burns to form CO^, each gramme of 
C produces 8oSo gramme units of heat ; or C, 12 grms., + 0 „, 32 grms., = CO„ + 
96960 units of heat. Now carbon cannot be burned directly to form CO, but 
when CO burns to form CO_„ i grm. of CO produces 2403 units of heat ; or CO, 
28 grms., + 0 , 16 grms., = CO, + 67284 units of heat. In the first equation, 16 
grms. of O produce 48480 units, and in the second 67284 units of heat. But in 
the first case, solid carbon is converted into gas, a change of state which must 
absorb much of the heat produced. If the C were in the state of gas to begin 
with, in both cases, it is probable that we should have 0 , i6grms., C, 12 grms., = 
CO -f 67284 units of heat, and O^, 32 grms., + C, 12 grms., = CO, -f- 134568 units 
of heat, so that i grm. of C would give 11214 units of heat when burned to CO., 
But when i grm. of solid 0 burns to CO, it gives only 8080 units of heat : hence 
11214-8080, or 3134 units, represent the heat required to convert i grm. of 
solid carbon into gas. 

64. Carbonic oxide is very poisonous ; and it appears that the acci- 
dents ■which too frequently occur from burning charcoal or coke m 
braziers and chafing-dishes in close rooms, result from the poisonous 
efiects of the small quantity of carbonic oxide which is produced and 
escapes combustion, since the amount of carbonic acid gas thus difiPused 
through the air is not sufficient, in most cases, to account for the fatal 
result. The carbonic oxide formed in cast-iron stoves diflfiises through 
the hot metal into the air of a room. One per cent, of CO in air is 
fatal ; whilst much smaller proportions produce ill effects. 

65. The poisonous character of carbon monoxide is raised as an 
objection to the proposed use of this gas for purposes of illumination. 
The character of the flame of carbonic oxide would appear to afford 
little promise of its utility as an illuminating agent ; but that it is 
possible so to employ it is easily demonstrated by kindling a jet of the 
gas which has been passed through a wide tube containing a little 
cotton moistened with rectified coal naphtha (benzene), when the 
carbon monoxide will be found to burn with a very luminous flame. 
The carbonic oxide destined to be employed for illuminating purposes is 
prepared by passing steam over white hot coke, a mixture of carbon 
monoxide and hydrogen being thus produced; 0 -f 11,0 = CO -f H,. 
This water-gas always contains some carbon dioxide, the quantity being 
greater the lower the temperature of the coke. This is because at 
lower temperatures the coke burns in steam to carbon dioxide, not to 
carbon monoxide; C-l-2H„0 = 00,-f2H,. "Water-gas usually consists 
of about 50 per cent, of H, 40 per cent, of 00 , 5 per cent, of 00 „, and 

5 per cent, of N (from air and the coke). Since neither hydrogen nor • 
carbon monoxide is possessed of any odour, this mixture would not be 
detected in the atmosphere of a room where there was a leaky gas- 
pipe, and the presence of the poisonous carbon monoxide would remain 
unsuspected. Thus, it becomes incumbent upon ’ those supplying such 
gas to dwelling-houses to render it, by mixing some gas or vapour "with 
it, at least as odorous as is ordinary coal-gas, an escape of which is so 
easily detected. 

The application of water-gas in this country, for illuminating purposes, 
is at present limited to its admixture with coal-gas, for which purpose 
it is rendered luminous by hydrocarbons obtained from the destructive 
distillation of petroleum. 
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The decomposition of steam by red-hot carbon is also taken advantage 
of in order to procure a flame from anthracite coal when employed for 
heating boilers. The coal being burnt onfisli-hellied bars, beneath which 
a quantity of water is placed, the radiated heat converts the water into 
steam, which is carried by the draught into the fire, where it furnishes 
carbonic oxide and hydrogen, both capable of burning with flame under 
the bottom of the boiler. The 
temperature of the bars is also 
thus reduced, so that they are 
not so much injured by the in- 
tense heat of the glowing fuel. 

66. Carbonic oxide, unlike 
carbon dioxide, is nearly in- 
soluble in water. It is even 
lighter than ah’, its specific 
gravity being 0.967. In its 
chemical relations it is an in- 
different oxide, that is, it has 
neither acid nor basic pro- 
perties. It is liquid below 
- 190° C. (its boiling point)j 
and solid at - 200° 0 . Its critical temperature is — 140° C. These 
constants approximate to the corresponding constants for nitrogen. 

67. A very instructive process for obtaining carbonic oxide, consists in heating 
crystallised oxalic acid with three times its weight of oil of vitriol. If the gas be 
collected over water (fig. 85), and one of the jars be shaken with a little lime- 
water, the milkiness imparted to the latter will indicate abundance of carbon 
dioxide ; whilst, on removing the glass plate, and applying a light, the carbonic 




oxide will burn with its characteristic blue flame. The gas thus obtained is a 
mixture of equal volumes of carbonic oxide and carbonic acid gases. Crystallised 
oxalic acid is represented by the formula C„H„0j.2Aq, and if the water of crystal- 
lisation be left out of consideration, its decomposition may be represented by the 
equation C„H„Oj=H^O-fCO-!-CO„, the change being determined by the attraction 

G 
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of the oil of vitriol for water. To obtain pure CO, the mixture of gases must be 
passed through a bottle containing solution of potash, to absorb the CO, (fig. 86), 
But pure CO is much more easily obtained by the action of sulphuric acid upon 
crystallised potassium ferrocyanide (yellowprussiate of potash) at a moderate heat. 
Since the gas contains small quantities of sulphurous and carbonic acid gases, it 
must be passed through solution of potash if it be required' perfectly pure. The 
chemical change which occurs in this process is expressed thus : — 

KjC,N,Fe + 6 H „0 + 6H„SO, = 6CO + 2K,S0, + 3(NH,)„S04 + FeSO, 

Potassium ' Potassium Ammonium Ferrous 

ferrocyanide. sulphate. sulphate. sulphate. 

Ten grammes of crystallised ferrocyanide, with 135 grammes (73 c.c.) of sul- 
phuric acid (sp. gr. 1.84) and 13 grammes of water, will give about 3I litres of 
carbonic oxide. 

If the boiling is continued after the evolution of CO has ceased, much sul- 
phurous acid gas is disengaged (2FeSOj-b2H;SO4=Fej(S0j)3-l-2H„O-f-S02). 

68. To demonstrate the production of CO, during the combustion of CO, a jar 
of the gas is closed with a glass plate, and after placing it upon the table, the 
plate is slipped aside and a little lime-water quickly poured into the jar. On 
shaking, no milkiness indicative of carbonic acid gas should be perceived. The 
plate is then removed and the gas kindled. On replacing the plate and shaking 
the jar, an abundant precipitation of calcium carbonate will take place. 

Carbonic oxide forms an explosive mixture with half its volume of oxygen; if 
the mixture be absolutely free from vapour of water, it does not explode on 
passing an electric spark through it. 

When carbonic oxide is passed through a red-hot porcelain tube, a portion of 
it is decomposed into carbonic acid gas and carbon ; and when the experiment is 
conducted without special arrangements, the carbonic oxide is reproduced as the 
temperature of the^gas falls.* But by passing through the centre of the porcelain 
tube a brass tube, through which cold water is kept running, the decomposition 
has been demonstrated by the deposition of carbon upon the cooled tube, and by 
collecting the carbonic acid gas formed. Carbonic acid gas is also decomposed 
by intense heat into carbonic oxide and oxygen ; but if these gases be allowed to 



Pig. 87. — Reduction of oxide of copper by carbonic oxide. 


cool down slowly in contact, they recombine. The gas drawn from the hottest 
region of a blast-furnace (see Iron), and rapidly cooled, .so as to prevent recom- 
bination, was found to contain both carbonic oxide and oxygen. 

When electric sparks are passed through carbon dioxide, about one-third of it 
becomes CO-l-O, but this reaction does not go any further because the CO-fO 
begin to recombine. By passing a pellet of phosphorus into the gas and con- 
tinuing the sparks, all the CO, may be decomposed into CO -f 0 , for the phos- 
phorus will combine with the oxygen, and CO, cannot be reformed. 

The reducing action of carbonic oxide upon metallic oxides, at high tempera- 
tures, may be illustrated by passing the pure gas from a bag or gas-holder, first 
through a bottle of lime-water (B. fig. 87), to prove the absence of carbonic acid 
gas, then over oxide of copper, contained in the tube C, and afterwards again 
through lime-water in D. When enough gas has been passed to expel the air, 
heat may be applied to the tube by the gauze-burner E, when the formation of 
carbonic acid gas will be immediately shown by tbe second portion of lime water, 
and the black oxide of copper will be reduced to red metallic copper. ' 

If precipitated peroxide of iron be substituted for oxide of copper, iron in the 

* It is stated that 00 heated at 500° O. always contains a little OOj, but no carbon is 
deposited. A lower oxide of carbon must be supposed to be formed. 
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state of black powder will be left, and if allowed to cool in the stream of gas, 
will take fire when it is shaken out into the air, becoming reconverted into the 
■geroxide {iron pi/ropJionis). 

Carbonic oxide is absorbed by potassium hydrate at 100° C., potassium .formate 
being produced ; CO + KOH = HCOOK. If carbonic oxide be passed ^qver soda - 
lime in a glass tube heated by a gas furnace, sodium carbonate is formed, and 
hydrogen liberated; C 0 + 2NaOH=Na;CO3 + H.j, 

69. Composition hy volume of carbon monoxide and carbon dioxide . — 
When carbon burns in oxygen, the volume of the carbon dioxide pro- 
duced is exactly equal to that of the oxygen, so that one volume of 
•oxygen furnishes one volume of carbonic acid gas, or, since equal vols. 
■of gases contain the same number of molecules (p. 44), a molecule of 
■carbonic acid gas contains a molecule of oxygen. 

When one volume of carbonic acid gas (containing one volume of 
•oxygen) is passed over heated cai'bon, it yields two volumes of carbonic 
■oxide ; hence two volumes, or one molecule, of this gas contain one 
volume, or half a. molecule, of oxygen. 

70. It mil be seen in the next few pages that carbon can combine ■ 
•with hydrogen and with chlorine in the sense that one atom of carbon 
■can fix four atoms of hydrogen or of chlorine, but no more. Carbon is 
therefore a tetrad element (p. 10), and may be considered as exerting 
its affinity in four directions, > C < . When all of these affinities are 
satisfied by the affinities of other elements, the carbon will be unable 
to combine with any other element. Thus, the carbon in the com- 

H H. 

pound 0 will be unable to combine with any more hydrogen or 

with any chlorine ; this compound, CH^, is therefore said to be a 
■saturated compound. It has been already seen that oxygen exerts ’ 
affinity in two directions, -0- ; consequently one atom of oxygen is 
equivalent to two atoms of hydrogen in saturating power, and carbon 
dioxide is a saturated compound, O < > 0 < > 0 . On the other hand, 
•carbon monoxide should be an unsaturated comp>ound, > C < > 0 , 
u,nd should be capable of combining with other elements in a manner 
not possible for carbon dioxide. Thus it will be found in the sequel 
that carbon monoxide is much more chemically active than the 
dioxide ; it Avill combine directly with chlorine to form the compound 
'01 

> 0 , and with many of the metals. The fact that carbon 

monoxide combines with oxygen with liberation of heat is alone an 
indication of the o'esidual affinity of the carbon in carbon monoxide. 


Compounds op Carbon with Hydrogen. 

71. Ho two other elements are capable of occurring in so many 
■different forms of combination as are carbon and hydrogen. The hyd/ro- 
carhons, as these compounds are generally designated, include most of 
the inflammable gases which are commonly met with, and a great 
number of the essential oils, naphthas, and other useful substances. 
There is reason to believe that all these bodies, even such as are found 
in the mineral kingdom, have been originally derived from vegetable 
sources, and their history belongs, therefore, to the department of 
■organic chemistry. The three simplest examples of such compounds 
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will, however, be brought forward in this place to afford a general 
insight into the mutual relations of these two important elements. 

72. Acetylene (03112 = 26 parts by weight = 2 vols.).-— When very 
intensely heated, carbon is capable of combining with hydrogen to form 
acetylene. The required temperature is produced by means of a power- 
ful galvanic battery, to the terminal wires of which two pieces of dense 
carbon are attached, and the voltaic discharge is allowed to take place 
between them in an atmosphere of hydrogen. The experiment possesses 
little practical importance, because but little acetylene is formed in pro- 
portion to the energy employed, but its theoretical interest is very great, 
since it is the first step in the production of organic substances by the 
direct synthesis of mineral elements; acetylene (C,!!,) being convertible 
into olefiant gas (CjH^), this last into alcohol (CjHgO), and alcohol into 
a very large number of organic products. 

Acetylene is constantly found among the products of the incomplete 
combustion and destructive distillation of substances rich in carbon ; 

hence it is always present in small 
quantity in coal gas, and may be 
produced in abundance by passing 
the vapour of ether through a red- 
hot tube. The character by which 
acetylene is most easily recognised 
is that of producing a fine red pre- 
cipitate in an ammoniacal solution 
of cuprous chloride (subchloride of 
copper). 

The most convenient process for pre- 
paring a quantity of this precipitate, is 
that in which the acetylene is produced 
by the imperfect combustion taking place 
when a jet of atmospheric air is allowed 
to burn in coal gas. 

An adapter (A, fig. 88) is connected at 
its narrow end with a pipe supplying 
coal gas. The wider opening is closed 
by a bung with two holes, one of which 
receives a piece of brass tube (B) about 
three-quarters of an inch wide and 7 
inches long, while in the other is inserted 
a glass tube (C) which conducts the gas 
to the bottom of a separating funnel (D). 

Pig. 88. lower opening of the brass tube B 

Preparation of cuprous acetylide. closed with a cork, through which 

passes the glass tube E connected with a 
gas-holder or bag containing atmospheric air. To commence the operation, the gas 
is turned on through the tube F, and when all air is supposed to be expelled, the 
tube E is withdrawn, together with its cork, and a light is applied to the lower- 
opening of the brass tube, the supply of coal gas being so regulated that it shall 
burn with a small flame at the end of the tube. A feeble current of air is then 
allowed to issue from the tube E, which is passed up through the flame into the 
adapter, where the jet of air continues to burn in the coal gas,* and may be kept 
burning for hours with a little attention to the proportions in which the gas and 
air are supplied. A solution of cuprous chloride in ammonia is poured into the 
separating funnel through the lateral opening G, so that the imperfectly burnt gas 
may passthrough it, when the cuprous acetylide is precipitated in abundance. When 
a sufficient quantity of precipitate has been formed, or the copper solution is ex- 

^ It is advisable to attach'a piece of thin platinum wire to the mouth of the glass tube 
to render the flame of the air more visible. 
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bausted, the liquid is run out through the stopcock (H) on to a filter, and replaced 
by a fresh portion. The precipitate may be rinsed into a flask provided with a 
funnel tube and delivery tube, allowed to subside, the water decanted frorn it, and 
some strong hydrochloric acid poured in through the funnel. On heating, the 
acetylene is evolved, and may be collected, either over water, or rnore economi- 
cally in a small gas-bag, or in a mercurial gas-holder. To obtain a pint of the gas, 
as much of the moist copper precipitate is required as will measure about 6 ounces 
after settling down. Kuch a quantity ma,y be prepared in about six hours. ^ 

A solution of cuprous chloride suitable for this experiment is conveniently 
prepared in the following manner: — 500 grains of black oxide of copper are 
dissolved in 7 measured ounces of common hydrochloric acid, in a flask, and 
boiled for about twenty minutes with 400 grains of copper in filings^ or fine 
turnings. The brown solution of cuprous chloride in hydrochloric acid, thus 
■obtained, is poured into about 3 pints of water contained in a bottle ; the white 
precipitate (cuprous chloride) is allowed to subside, the water drawn off with a 
siphon, and the precipitate rinsed into a 20-ounce bottle, which is then quite 
filled with water and closed with a stopper. When the precipitate has again 
subsided, the water is drawn off, and 4 ounces of powdered chloride of ammo- 
nium are introduced, the bottle being again filled up with water, closed and 
shaken. The cuprous chloride is entirely dissolved by the chloride of ammonium, 
but would be precipitated if more water were added. When required for the 
precipitation of acetylene, the solution may be mixed with about one-tenth of its 
bulk of strong ammonia (0.880), which maybe poured in to the separating funnel (D) 
before the copper solution is introduced. Four measured ounces of the solution 
are sufficient for one charge, and yield, in three hours, about 3 measured ounces of 
the moist precipitate. The blue solution of ammoniacal cupric chloride, filtered 
from the red precipitate, may be rendered serviceable again by being shaken, in 
a stoppered bottle, with precipitated copper, prepared by reducing a solution of 
sulphate of copper, acidified with hydrochloric acid, with a plate of zinc. 

If the acetylene copper precipitate be collected on a filter, washed, and 
■dried, either by mere exposure to the air, or over oil of vitriol, it will be 
found to explode with some violence when gently heated, and it is said 
that the accidental formation of this compound in copper or brass pipes, 
through which coal gas passes, has occasionally given rise to explosions. 

When acetylene is passed through solution of nitrate of silver, a white curdy 
precipitate is formed, resembling chloride of silver in appearance, but insoluble 
in ammonia (which turns it yellow) as well as in nitric acid. It may be obtained 
by allowing the imperfectly burnt gas from the apparatus in fig. 88 to pass 
through the nitrate of silver. 

It may be more easily prepared by suspending a funnel over a Bunsen burner 
which has caught fire inside the tube, and drawing the products of imperfect 
combustion, by means of an aspirator, through a solution of silver nitrate. This 
precipitate may also be used for the preparation of acetylene, by heating it with 
hydrochloric acid. 

When this precipitate is washed and allowed to dry, it is violently explosive if 
heated or struck, particularly when it has been prepared from a slightly 
ammoniacal solution of nitrate of silver. A minute fragment of it placed on a 
glass plate, and touched with a red-hot wire, detonates loudly and shatters the 
glass like fulminate of silver. In a solution of hyposulphite of gold and sodium, 
acetylene gives a yellowish, very explosive precipitate. 

The copious formation of acetylene during the imperfect combustion of ether, 
is very readily shown by introducing a few drops of ether into a test-tube, adding 
a little ammoniacal solution of cuprous chloride, kindling the ether- vapour at the 
mouth of the tube, and inclining the latter so as to expose a large surface of the 
copper solution, when a large quantity of the red cuprous acetylide is produeed. 
If nitrate of silver be substituted for the copper solution, the white precipitate 
of silver acetylide is formed abundantly. 

Acetylene^ may be prepared by dropping water from a separating funnel on to 
harmm carbide contained in a flask provided with a delivery tube ; BaC,-f2H0H= 
Ba(OH)„-i-C2H„. A mixture containing BaC, is obtained by heating barium 
carbonate (26 grams) with powdered magnesium (10.5 grams) and gas-carbon 
(4 grams), in an iron bottle at a red heat. , — 
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Acetylene is a colourless gas having a peculiar odour, recalling that 
of the geranium, which is always perceived where coal gas is under- 
going imperfect combustion. It burns with a very bright smoky 
flame. Its most remarkable property is that of inflaming spontaneously 
when brought in contact with chlorine. If a jet of the gas be allowed 
to pass into a bottle of chlorine, it will take fire and burn with a red 
flame, depositing much carbon. "When chlorine is decanted up into a 
cylinder containing acetylene standing over water, a violent explosion 
immediately takes place, attended with a vivid flash, and separrition of 
a large amount of carbon ; CoH^ + Cl^ = 0 , + 2HCI, 

When acetylene is passed into w.ater, it is absorbed in sufficient 
quantity to impart a strong smell to the water, and to yield a decided 
precipitate with ammoniacal cuproqs chloride and with silver nitrate. 

If the acetylene copper precipitate be suspended in solution of 
ammonia, and heated with a little granulated zinc, the acetylene com- 
bines with the (nascent) hydrogen to form olefiant gas (OoH^). Further 
particulars respecting acetylene are given under Organic Chemistry. 

73. Olefiant gas or ethylene (G,H^ = 28 parts by weight = 2 voluines). — 
This gas is found in larger quantity than is acetylene, among the pro- 
ducts of the action of heat upon 
coal and other substances rich in 
carbon, and it is an important 
constituent of the illuminating- 
gases obtained from such mate- 
rials. 

Olefiant gas may readily be 
prepared by the action of strong 
sulphuric acid (oil of vitriol,. 
H.SO,) upon alcohol (spirit of 
wine, CgHeO). 

Two measures of oil of vitriol are 
introduced into a flask (fig. 89), and 
one measure of alcohol is gradually 
Pig. 89. — Preparation of olefiant gas. poured in, the flask being agitated 

after each addition ; much heat is 
evolved, arid there would be danger in mixing large volumes suddenly. ■*' On 
applying a moderate heat, the liquid will darken in colour, effervescence will 
take place, and the gas may be collected in jars filled with water. When the 
mixture has become thick, and the evolution of the gas is slow, the end of the- 
tube must be removed from the water and the lamp extinguished. Three 
measured ounces of spirit of wine generally give about 500 cubic inches of 
olefiant gas (or 85 c.o. give 8 litres). 

The gas will be found to have a verj"^ peculiar odour, in which that of ether and 
of sulphurous acid gas are perceptible. One of the jars may be closed with a 
glass plate, and placed upon the table with its mouth upwards ; on the approach 
of a flame, the gas will take fire, burning with a bright white flame charac- 
teristic of olefiant gas, and seen to best advantage when, after kindling the gas, 
a stream of water is poured down into the jar in order to displaee the gas. 

Another jar of the gas may be well washed by transferring it repeatedly from 
one jar to another under water, a little solution of potash may then be poured into- 
it, and the jar violently shaken, its mouth being covered with a glass plate ; the 
potash will remove all the sulphurous acid gas, and the gas will now exhibit the- 
peculiar faint odour which belongs to olefiant gas. 

The purified gas may be transferred, under water, to another jar, kindled and 
allowed to burn out ; if a little lime-water be then shaken in the jar, its turbidity 

' If methylated spirit be employed, the mixture will have a dark, red-brown colour. 
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will indicate the presence of carbonic acid gas, which is produced together with 
water, when olefiant gas burns in air, G„H4+Oj=2C0_;+2H2O. 

On • comparing tlie composition of olefiant gas (CjHJ with that of 
alcohol (OjHgO), it is evident that the former may be supposed to be 
produced from the latter by the abstraction of a mojecule of water 
(HjO) which is removed by the sulphuric acid, though other secondary 
changes take place, resulting in the separation of carbonaceous matter 
and the production of sulphurous acid gas. A more complete explana- 
tion of the action of sulphuric acid upon alcohol must be reserved for 
the chemical history of this compound. 

Olefiant gas derives its name from its property of uniting with 
chlorine and bromine to form oily liquids, a circumstance which is 


applied for the determination of 

the proportion of this gas pre- ' ' 

sent in coal gas, upon which part m 

of the illuminating value of coal | 

gas depends. The compound with 

chlorme (C^H^Clj) is known as (gg= jWi| i 

Dutch liquid, having been dis- J 

covered by Dutch chemists, and " jl | 

is remarkable for its resemblance f ^ J 

to chloroform in odour. | 

To exhibit the formation of Dutch 3 

liquid, a quart cylinder (fig. go) is half « y 

filled with olefiant gas, and half with 1 \W n 

chlorine, which is rapidly passed up 
into it, from a bottle of the gas, under 
water. The cylinder is then closed 

with a glass plate, and supported j 

with its mouth downwards under 1 ^-^ r 

water in a separatinff Junnel, fuiDisbed uT/ 

with a glass stop-cock. The volume '"1 . J 

of the mixed gases begins to diminish k - 7 ,1 

immediately, drops of oil being formed ^ 

upon the side of the cylinder and the VV 

surface of the water. As the drops 
increase, they fall to the bottom of 

the funnel.' Water must be poured Pig, pjg^ 

into the funnel to replace that which 

rises into the cylinder, and when the whole of the gas has disappeared, the oil may 
be drawn out of the funnel through the stop-cock into a test-tube, in which it is 
shaken with a little potash to absorb any excess of chlorine. The fragrant odour 
of the Dutch liquid will then be perceived, especially on pouring it out into a 
shallow dish. 


Fig. 91. 


In applying this principle to the measurement of the illuminating hydrocarbons 
in coal gas, daylight must be excluded, or an error would be caused by the union 
of. the tree hydrogen with the chlorine or bromine. The bromine test may be 
applied in the tube represented in fig. 91. The gas to be examined is measured 
over water in the diwded limb a, with due attention to temperature and pressure ; 
the tube being held perpendicularly, the limb b will remain filled with water, so 
that gas cannot escape nor air enter. A drop or two of bromine is poured into 
this limb, which is then depressed beneath the water in the pneumatic trough, 
and closed by the stopper c. On shaking the gas with the water and bromine, 
the latter will absorb the illuminating hydrocarbons ; and if the tube be again 
opened under water, the volume of the gas in a will be found to have diminished, 
and the diminution gives an approximate estimate of the olefiant gas and other 
illuminating hydrocarbons. 

A very instructive experiment consists in filling a three-pint cylinder one-third 
full of olefiant gas, then rapidly filling it up, under water, with two pints of 
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chlorine, closing its mouth with a glass plate, shaking it to mix the gases, 
slipping the plate aside and applying a light, when the mixture burns with a red 
flame which passes gradually down the cylinder, and is due to the combination 
of the hydrogen with the chlorine, the whole of the carbon being separated in the 
solid state — C2H4 + 0l4=4HCl + 0 . 

When olefiant gas is subjected to the action of high temperatures, as 
by passing through heated tubes, one portion is decomposed into marsh 
gas (CH^) with separation of carbon, acetylene (CgH^) 
and hydrogen being also produced ; this decomposition 
will be found to be of great importance in the manu- 
facture of coal gas. 

The action of heat upon olefiant gas is most conveniently 
shown by exposing it to the spark from an induction-coil. 

The gas is confined in a tube (A, fig. 92) which is placed in 
a cylindrical jar (B) containing mercury. Through the mer- 
cury passes a copper wire (C) thrust through a glass tube (D) 
to insulate it from the mercury ; this udre is connected with 
one of the wires (E) from the induction-coil, whilst the other 
(F) is allowed to dip into the mercury' contained in the cylin- 
der. On putting the coil in action (with two or three cells 
of Grove’s battery), the spark will pass between the e-x- 
tremity (C) of the insulated copper wire and the surface of 
the mercury in the tube, decomposing the olefiant gas in 
Fig. 92. its passage, and causing a separation of carbon, which some- 
times forms a conducting communication, and allows the 
current to pass without a spark. This may be obviated by reversing the current, 
or by gently shaking the tube. 

The olefiant gas will expand to nearly twice its former volume, so that the 
tube will gradually rise in the mercury, but the same 
distance may always be maintained for the passage of 
the spark. 

To show the production of acetylene, another arrange- 
ment may be found convenient (fig. 93). A globe with 
four necks is employed ; through two of these necks are 
passed, airtight with perforated corks, the copper wires 
connected with the induction-coil. A third neck receives 
a tube, conveying olefiant gas from a gas-holder, whilst 
from the fourth proceeds a tube dipping to the bottom 
of a small cylinder. When the whole of the air has been 
displaced by olefiant gas, a solution of cuprous chloride 
in ammonia is poured into the cylinder, and the gas 
allowed to bubble through it, when the absence of acety- 
lene will be shown by there being no red compound 
formed. As soon, however, as the spark is passed, the 
red precipitate will appear, and in a very few minutes a 
large quantity will be deposited. Coal gas may be em- 
ployed instead of olefiant gas, but of course a smaller 
quantity of the copper compound will be obtained. 

Fig. 93.— Preparation of 74. Marsh gas, methane, or light carburetted 

(0H.= II5 pai-ta by weight-^ volumes). 

This hydrocarbon is found in nature, being pro- 
duced wherever vegetable matter is undergoing decomposition in the 
presence of moistinre. The bubbles rising from stagnant pools, when 
collected and examined, are found to contain marsh gas mixed with 
carbonic acid gas, and there is reason to believe that these two gases 
represent the principal forms in which the hydrogen and oxygen 
respectively were separated from wood during the process of its con- 
version into coal. This would account for the constant presence of marsh 
gas in the coal formations, where it is usually termed fire-damp. It is 
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occasionally found pent up under pressure between the layers of coal, 
and the pores of the latter are sometimes so full of it that it may be 
seen rising in bubbles when the freshly hewn coal is thrown into water. 
Perhaps a similar origin is to be ascribed to the liquid hydrocarbons 
chemically similar to marsh gas, which are found so abundantly in 
Pennsylvania and Canada, and are known by the general name of 
petroleum. From certain gas-springs in Pennsylvania, marsh gas, 
olefiant gas, and ethane, O^Hg, are discharged at very high pressure, 
and are employed for heating and lighting. 

Marsh gas is obtained artificially by the following process : — 

500 grains of dried sodium acetate are finely powdered and mixed, in a mortar, 
with 500 grains of the mixture of calcium hydroxide and sodium hydroxide, which 



is sold as soda-lime. The mixture is heated in a Florence flask (or better a copper 
tube, for the alkali corrodes the glass) and the gas collected over water (fig. 94). 

The decomposition will be evident from the following equation : — 

NaC,.H30„ -1- NaOH = Na^COj + OH^. 

Sodium acetate. Caustic soda. Sodium carbonate. 

The marsh gas will be easily recognised by its burning with a pale 
illuminating flame, far inferior in brilliancy to those of olefiant gas and 
acetylene, but unattended with smoke.* 

The properties of this gas deserve a careful study, on account of the 
frequent fatal explosions to which it gives rise in coal-mines, where it is 
often found accumulated under pressure, and discharging itself with 
considerable force from the fissures or blowers made in hewing the coal. 
Marsh gas has no characteristic smell like that of coal gas, and the miner 
thence receives no timely warning of its presence ; it is much lighter 
than air (sp. gr. 0.5596), and therefore very readily difiuses itself 
(page 22) through the air of the mine, with which it forms an explosive 
mixture as soon as it amounts to one-eighteenth of the volume of the 
air. The gas issuing from the blower would burn quietly on the 
. application of a light, since the marsh gas is not explosive unless mixed 
with the air, when a large volume of the gas is burnt in an instant, 
causing a sudden evolution of a gi’eat deal of heat, and a consequent 

* .Tbe gas prepared by the above process contains acetone, which increases its 
luminosity. For the preparation of pure marsh gas, see Organic Chemistry. 
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sudden expansion or explosion exerting great mechainical force. The 
most violent explosion takes place when i volume of marsh gas is mixed 
with 2 volumes of oxygen, since this quantity is exactly sufficient to 
effect the complete combustion of the carbon and hydrogen of the 
gas, and therefore to evolve the greatest amount of heat : CH^ + 0^ = 
COg 4 - 2H3O. The calculated pressure exerted by the exploding mixture 
of marsh gas and oxygen amounts to 37 atmospheres, or 555 lbs. upon 
the square inch. Since air contains one-fifth of its volume of oxygen, 
it would be necessary to employ 10 volumes of air to i volume of marsh 
gas in order to obtain perfect combustion, but the explosion will be 
much less violent on account of the presence of the 8 volumes of inert 
nitrogen, the calculated pressure exerted by the explosion being only 
14 atmospheres, or 210 lbs, on the square inch. Of course, if more air 
be employed, the explosion will be proportionally weaker, until, when 
there are more than 18 volumes of air to each volume of marsh gas, the 
mixture will be no longer explosive, but will burn "with a pale flame 
around a taper immersed in it. The carbonic acid gas resulting from 
the explosion is called by miners the after-damp, and its effects are gene- 
rally fatal to those who may have escaped death from the explosion itself. 

Coal gas, which contains much hydrogen, i*equires a smaller volume 
of air than does marsh gas to render it explosive. With 16-candle gas, 
such as is used in London, 6 vols. of air to i vol. of gas would give the 
most powerful explosion. 

Fortunately, marsh gas requires a much higher temperature to in- 
flame it than most other inflammable gases ; a solid body at an ordinary 
red heat does not kindle the gas unless kept in contact with it for a ’ 
considerable period ; contact with flame, or with a body heated to white- 
ness, being required to ignite it instantaneously. 

If two strong gas cylinders be filled, respectively, with mixtures of 2 volumes 
hydrogen and i volume oxygen, and of i volume marsh gas and 2 volumes oxygen, 

it will be found, on holding them with their 
mouths downwards, and inserting a red-hot iron 
bar (fig. 95 j, that the marsh gas mixture will not 
explode, but if the bar be transferred at once to 
the hydrogen mixture, explosion will take place. 
A lighted taper may then be used to explode the 
marsh gas and oxygen. 

In consequence of the high tempera- 
ture required to inflame the mixture of 
marsh gas and air, it is necessary that the 
mixture be allowed to remain for an 
appreciable time in contact with the flame 
befoi'e its particles are raised to the 
igniting point. It was on this principle that Stephenson’s original 
safety lamp was constructed, the flame being surrounded with a tall 
glass chimney, the rapid draught through which caused the explosive 
mixture to be hurried past the flame without igniting. 

To illustrate this, a copper funnel holding about two quarts (fig. 96) is em- 
ployed, the neck of which has an opening of about | inch in diameter. The 
funnel being placed mouth downwards in the pneumatic trough, the orifice is 
closed with the finger, and a half-pint of coal gas passed up into the funnel. 
The latter is now raised from the water, so that it may become entirely filled 
with air. By depressing the funnel to a considerable depth in the water, the 
.aperture being still closed by the finger, the mixture will be confined under con- 
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siderable pressure, and if a lighted taper be held to the aperture, and the finger 
removed, it will be found that the mixture sweeps past the flame without exploding, 
until the water has reached the same level in the tunnel as in the trough, when the 
gas comes to rest and ex- 
plodes with great violence. 

Davy’s safety lamp 
(fig. 97) is an applica- 
tion of the principle 
that ignited gas (flame) 
is extinguished by con- 
tact with a large surface 
of a good conductor of 
heat, such as copper or 
iron. 

If a thin copper wire be 
coiled round into a helix, 
and carefully placed over 
the wick of a burning taper -r '?• 96. 

(fig. 98), the flame will be 

at once extinguished, its heat being so rapidly transmitted along the wiie that the 
temperature falls below the point at which the combustible gases enter into com- 
bination with oxygen, and therefore the combustion ceases. If the coil be heated 
to redness in a spirit-lamp flame before being placed over the wick, it will not 
abstract the heat so readily, and will not extinguish the flame. If a copper tube 
were substituted for the coiled wire, the same result would be obtained, and by 
employing a number of tubes of very small diameter, so that the metallic surface 
may be very large in proportion to the volume of ignited gas, the most energetic 
combustion may be arrested, a fact of which advantage is taken in the oxy- 
hydrogen blowpipe (p. 45). It is evident that the exposure of a large extent of 
cooling surface to the action of the flame may be effected either by increasing the 






length or by diminishing the width of the metallic tubes, so that wire gauze, which 
may be regarded as a collection of very short tubes, will form an effectual barrier 
to flame, provided that it has a sufficient number of meshes to the inch. 

If a piece of iron wire gauze, containing about 400 meshes to the square inch, 
be depressed upon a flame, it will extinguish that portion with which it is in 
contact, and the combustible gas which escapes through the gauze may be kindled 
by a lighted match held on the upper side. By holding the gauze 2 or 3 inches 
above a gas jet, the gas may be lighted above it without communicating the flame 
to the burner itself. 

When blazing spirit is poured upon a piece of wiie gauze (fig. 99), the flame 
\yill remain upon the gauze, and the extinguished spirit will pass through. A 
little benzene or turpentine may be added to the spirit, so that its flame may be 
more visible at a distance. 

The safety lamp (fig. 97) is an oil lamp, the flame of which is sur- 
rounded by a cage of iron wire gauze, having 700 or 800 meshes in the 
square inch, and made double at the top, where the heat of the flame 
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chiefly plays. This cage is protected by stout iron wires attached to a 
ring for suspending the lamp. A brass tube passes up through the oil 
reservoir, and in this there slides, with considerable friction, a wire bent 
at the top, so that the wick may be trimmed without taking off the cage. 
The lower part of the cage is now made of glass, to afibrd more light. 

If this lamp be suspended in a large jar, closed at the top with a perforated 
wooden cover A (fig. loo), and having an aperture (B) below, through which coal 
gas is allowed to pass slowly into the jar, the flame will be seen to waver, to elon- 
gate very considerably, and to be ultimately extinguished, when the wire cage will 

be filled with a mixture of coal gas and air burning 
tranquilly within the gauze, which prevents the flame 
from passing to ignite the explosive atmosphere sur- 
rounding the lamp ; that an explosive mixture really 
fills the jar may be readil}' ascertained by introducing, 
through an aperture (C) in the cover, the unprotected 
flame of a taper, when an explosion will take place. 

This experiment illustrates the action of the Davj' 
lamp in a mine which contains fire-damp. It would 
obviously be unsafe to allow the lamp to remain, in 
the explosive mixture when the cage is filled with 
flame, for the gauze would either become sufficiently 
heated to kindle the surrounding gas, or would be 
oxidised and eaten into holes, which would allow the 
passage of the flame. Nor should the lamp be ex- 
posed to a very strong draught, which might possibly 
be able to carry the flame through the meshes. 

When the Davy lamp is brought into an atmosphere containing fire-damp, a 
“cap” of blue flame is observed to play above the tip of the illuminating flame. 
This incipient combustion is more marked when a hydrogen flame is substituted 
for an oil flame, and the height of the cap furnishes an indication of the quantity 
of fire-damp present. Such a modified Davy lamp becomes a fire-damp indicator, 
showing as little as 0.25 per cent. 

All coal contains a considerable quantity of gas occluded or condensed 
in its pores, part of wlaich issues when the surface of the coal is exposed, 1 
and part is retained, and can be extracted by exposure in vacico and mode- 
rately heating. Bituminous coals evolve more CO, and N, and less CH^, 
than anthi-acite does, hence these coals may often be worked with 
naked lights, while seams of steam coal and anthracite are dangerous. 
Cannel coal has occluded, beside the above gases, some ethane, C,Hg, and 
Whitby jet has been found to contain butane, C^H,„. The gas from bloivers 
sometimes contains 97 per cent, by volume of marsh gas, with a little 
COj and Whenever naked flames are used in the mine, there must 
always be great risk ; in most seams of coal there are considerable accumu- 
lations of fire-damp ; when a fissure is made, the gas escapes very i-apidly 
from the blower, and the air in its vicinity may soon become com’^erted 
into an explosive mixture. In mines where small quantities of fire- 
damp are Imown to be continually escaping from the coal, ventilation is 
depended upon in order to dilute the gas with so large a volume of air 
that it is no longer explosive, and finally to sweep it out of the mine ; 
but it has occasionally happened that the ventilation has been interfered 
with by a door having been left open in one of the galleries, or by a 
passage having been obstructed through the accidental falling in of a 
portion of the coal, and an explosive mixture has then been formed. 

The presence of fine dust of coal in the air of the mine greatlj’’ 
increases the liability to explosion ; indeed, there is no doubt but that 
in some cases the dust has been the sole cause of the explosion. Most 
combustible substances mixed in a finely divided state with air, burn 
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so rapidly as to produce effects of explosion. Flour mills have been 
destroyed from this cause in very dry weather. 

If some lycopodium, the seed of the club-moss, sometimes called ye^re^aWe hrim- 
stone, be placed in a glass funnel, the stem of which has been lightly stopped 
with wool, and has two or three feet of wide vulcanised tubing attached to it, 
the lycopodium may be blown out in a cloud by a sudden puff of air, and if a 
lighted taper be held in the cloud, an immense volume of flame will be formed. 

An ingenious fire-damp indicator has been constructed of two platinum wires, 
which are heated by a magneto-electric current. One wire is sheltered from the 
fire-damp, and the other, being exposed to it, glows more strongly on account of 
the slow combustion of the fire-damp at the surface of the platinum (see Platimvm\. 
By a careful comparison of the two wires, it is said that 0.25 per cent, of marsh 
gas in air may be detected, whilst the Davy lamp will not indicate less than 
2 phr cent. 

Steucture of Flame. 

75. The consideration of the structure and properties of ordinary 
flames is necessarily connected rvith the history of olefiant gas and 
marsh gas. Flame may be defined as gaseous matter heated to the 
temperature at which it becomes visible, or emits light. Solid particles 
begin, for the most part, to emit light when heated to about 500° 0. ; 
but gases, on account of their lower radiating power, must be raised to 
a far higher temperature, and hence the point of visibility is seldom 
attained, except by gases which are themselves combustible, and there- 
fore capable of producing, by their own combination with atmospheric 
oxygen, the requisite degree of heat. The presence of a combustible gas 
(or vapour), therefore, is one of the conditions of the existence of flame ; 
a diamond, or a piece of thoroughly carbonised charcoal, toU burn in 
oxygen with a steady glow, but without flame, since the carbon is not 
capable of conversion into vapour, while sulphur burns with a voluminous 
flame, in consequence of the facility with which it assumes the vaporous 
condition. It will be observed, moreover, that in the case of a non- 
volatile combustible, the combination with oxygen is confined to the 
surface,of contact, whilst in the flame of a gas or vapour the combustion 
extends to a considerable depth, the oxygen intermingling with the- 
gaseous fuel. 

Flames may be conveniently spoken of as simple or compound, accord- 
ingly as they involve one or more phenomena of combustion; thus, for 
example, the flames of hydrogen and carbonic oxide are simple, w hi lst 
those of marsh gas, olefiant gas, and hydrocarbons generally, are com- 
pound, since they involve both the conversion of hydrogen into water 
and of carbon into carbon dioxide. 

It is obvious that simple flames must be hollow in ordinary cases, 
such as that of a gas issuing from a tube into the air, the hollow being 
occupied by the combustible gas to which the oxygen does not pene- 
trate. 

All the flames which are ordinarily turned to useful account are com- 
pound flames, and involve several distinct phenomena. Before examin- 
ing these more particularly, it will be advantageous to point out the 
conditions which regulate the luminosity of flames. 

In order that a flame maj^ emit a brilliant light, it is essential that it 
should contain particles which, either from their own nature or from 
the conditions under which they are placed, do not admit of very much 
expansion by the heat of the flame, but are capable of being heated to- 
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incandescence. Thus the flame of the oxyhydrogen blowpipe (p. 45) 
emits a very pale light, but if the mixture of oxygen and hydrogen be 
restrained from expanding when fired, as in the Cavendish eudiometei*, 
it gives a bright flash ; or if the flame be directed upon some solid body 
little affected by the heat, such as lime, the light is very intense. 

Phosphorus and arsenic burn with very luminous flames, in con- 
sequence of the formation of very dense vapours of phosphoric and 
arsenious oxides during the combustion ; the density of the vapoui’s being 
here attended with the same result as that produced by the restrained 
expansion of the steam formed in the Cavendish eudiometer. 

It is not necessary that the incandescent matter should be a product 
-of the combustion ; any extraneous solid in a finely divided state will 
confer illuminating power upon a flame. Thus, the 
flame of hydrogen may be rendered highly luminous 
by blowing a little very fine charcoal powder into it, 
from the bottle represented in fig. loi. 

The luminosity of all ordinary flames is due to the 
presence of highly heated carbon in a state of very 
minute division, and it remains to consider the changes 
by which this finely divided carbon is separated in the 
flame. 

A candle, a lamp, and a gas-burner exhibit con- 
trivances for prociming light artificially in different 
of complexity, the candle being the most complex of the 
three. When a new candle is lighted, the first portion of the wick 
is bui’nt away until the heat reaches that part which is saturated 
with the wax or tallow of which the candle is composed; this wax 
or tallow then undergoes destructive distillation, yielding a variety 
of products, among which olefiant gas is found in abundance. The 
flame furnished by the combustion of these products melts the fuel 
ax'ound the base of the wick, through which it then mounts by capillary 
attraction, to be decomposed in its turn, and to furnish fresh gases for 
the maintenance of the flame. In a lamp, the fuel being liquid at the 
commencement, the process of fusion is dispensed with; and in a gas- 
burner, where the fuel is supplied in a gaseous form, the process of 
destructive distillation has been already effected at a distance. It will 
be seen, however, that the final result is similar in all three cases, the 
flame being maintained by such gases as acetylene, marsh gas, and olefiant 
gas arising from the destructive distillation of wax, tallow, oil, coal, (fee. 

The shape of the candle flame is common to all flames which consist of 
gas issuing from a small circular jet, like the wick of the candle. The 
gas issues from the jet in the form of a cylinder, which, however, imme- 
diately becomes a diverging cone by diffusing into the surrounding air. 
When this cone is kindled, the margin of it, where intermixture with 
the surrounding air is most complete, will be perfectly burnt, but the 
gases in the interior of the divex'ging cone cannot burn until they have 
ascended sufficiently to meet with fresh air ; since these unburnt gases 
are continually diminishing in quantity, the successive circles of com- 
bustion must diminish in diameter and the conical shape is the only 
possible fox’m. 

On examining an ordinary flame — that of a candle, for instance — ^it is 
.seen to consist of three concentric cones (fig. 102), the innermost, around 
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the wick, appearing almost black, the next emitting a bright white 
light, and the outermost being so pale as to be scarcely -vdsible in broad 
There is also apparent a bright blue cup surrounding the 
base of the flame. 

The dark innermost cone consists merely of the gaseous combustible 
to which the air does not penetrate, and which therefore is not in a 
state of combustion. 

The nature of this cone is easily shown by experiment : a strip of cardboard 

held across the flame near its base will not 
burn in the centre where it traverses the inner- 
most cone; a piece of wire gauze depressed 
upon the flame near the wick (fig. 103) will 
allow the passage of the combustible gas, which 
may be kindled above it. The gas may be con- 
veyed out of the flame by means of a glass tube, 
inserted into the innermost cone, and may be 


102 Fig, 103, 

kindled at the other extremity of the tube, which should be inohned downwards 
(flg. ro 4 ). 

A piece of phosphorus in a small spoon held in the interior of the flame of a 
spirit-lamp will melt and boil, but will not burn unless it be removed from the 
name, and may then be extinguished by replacing it in the flame. 





gas from the interior of a flame may be collected in a flask 
( ig- 105) furnished with two tubes, one of 'wbicb (A) is drawn out to a point for 

other (E), which passes to the bottom of the 
fct as a riohon'"^’' ^ vulcanised tubing so that it may 

I® water, the jet inserted into the in- 

terior of a flame, and the sipnon set running by exhausting it with the month 
As the water flows out through the siphon, the gas is drawn into the flask and 
after removing the tube from the flame, the gas may be expelled by blowing down 
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tlie siphon tube, and may be burnt at the jet. When a candle is used for this" 
experiment, some solid products of destructive distillation -will be found con- 
densed in the flask. 

In the second or luminous cone, combustion is taking place, but it 
is .by ,no means perfect, being attended by the separation of a quantity 
of carbon, which confers luminosity upon this part of the flame. The 
presence of free carbon is shown by depressing a piece of' porcelain 
upon this cone, when a black film of soot is deposited. The liberation 
of the carbon is due to the decomposition of the hydrocarbons by the 
heat, which separates the carbon from the hydrogen,* and this latter 
undergoing combustion evolves sufficient heat to raise the separated 
carbon to a white heat, the supply of air which penetrates into this 
portion of the flame being insufficient to effect the combustion of the 
whole of the carbon. 

According to Lewes the temperature of the innermost cone of a hydrocarbon 
flame rises to about 1000° C. near the apex of the 
cone. This temperature is sufllciently high to decom- 
pose the heavier hydrocarbons into acetylene. This 
acetylene is decomposed, with liberation of carbon, in 
the luminous cone where the temperature rises to 1300° C., 
owing to the combustion of the carbon monoxide and 
hydrogen, the former produced by the imperfect oxida- 
tion, and the latter by the decomposition, of the hydro- 
carbons in the innermost cone. 

Some very simple experiments will illustrate the nature 
of the luminous portion of flame. 

Over an ordinary candle flame (fig. 106) a tube may 
be adjusted so as to convey the finely divided carbon 
from the luminous part of the flame into the flame of 
hydrogen, which will thus be rendered as luminous as the candle flame, the dark 
colour of the carbon being apparent in its passage through the tube. 

One of the limbs of the XJ tube (fig. 107) contains a tuft of cotton wool &. On 
kindling the hydrogen supplied through c at the orifice of each tube, no difference 
will be seen in the flames until a ffiop of benzene (C„H„) is placed upon the 
cotton, when its vapour, mingling with the hydrogen, will furnish enough carbon 
to render the flame brilliantly luminous. 

The pale outermost cone, or mantle, of the flame, in which the 
separated carbon is finally consumed, may be termed the cone of perfect 
combustion, and is much thinner than the luminous cone, the supply of 
air to this e^dernal shell of flame being unlimited, and the combustion 
therefore speedily effected. 

The bright blue cup surrounding the base of the flame is formed by 
the perfect combustion (without any separation of carbon) of a small 
portion of the hydrocarbons owing to the complete admixture of ■ air at 
this point. 

The mantle of the flame may be rendered more visible by burninga little sodium 
near the flame, when the mantle is tinged strongly yellow. 

According to another view, based on the observation that acetylene — a con- 
stant product of checked combustion — can be discovered in the products of the 
combustion of a hydrocarbon flame burning under ordinary conditions, the 
mantle is a thin layer of the flame rendered non-luminous by admixture with the 
surrounding air, the cooling effect of which gradually quenches the combustion. 

By means of a siphon about one-third of an inch in diameter (fig. 108), the 
nature of the different portions of an ordinary candle flame may be very elegantly 
shown. If the orifice of the siphon be brought just over the extremity of the 

* The action of heat on hydrocarbons is to break them down, or “crack” them, into 
such as contain a higher percentage of carbon ; these, in their turn, are decomposed wiih 
liberation of carbon at very high temperatures. ' 
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wick, the combustible gases and vapours will pass through it, and may be 
collected in a small flask, where they can be kindled by a taper. On raising the 
orifice into the luminous portion of the flame, voluminous clouds of black smoke 
will pour over into the flask, and if the siphon be now raised a little above the 

point of the flame, carbonic acid gas 
can be collected in the flask, and may be 
recognised by shaking with lime-water. 

The reciprocal nature of the relation 
between the combustible gas and the air 
which supports its combustion may be 
illustrated in a striking manner by burn- 
ing a jet of air in an atmosphere of 
coal gas. 

A quart glass globe with three necks 
is connected at A (fig. 109) with the gas- 




pipe by a vulcanised tube. The second neck (B), at the upper part of the globe, 
is connected by a short piece of vulcanised tube with a piece of glass tube about 
J inch wide, from which the gas may be burnt. Into the third and lowermost 
neck is inserted, by means of a cork, a thin brass tube 0 (an old cork-borer), about 
- J inch in diameter. When the gas is turned on, it may be lighted at the upper 



neck ; and if a lighted match be then quickly thrust up the tube C, the air 
which enters it will take fire, and burn inside the globe. 

A simple experiment to show the burning of gas in air may be made with an 
Argand burner (fig. in). The flame having been turned low, a dish (or dial- 
glass containing water to prevent cracking) is placed so as to close the top of 
the chimney, when the gas flame will be extinguished, and the air which enters 
the inner circle will burn with a pale flame, which may be made more visible by 
thrusting up' a copper wire dipped in hydrochloric acid. A bottomless beaker 
makes a good chimney for this purpose. 

An interesting confirmation of the above riews as to the structure of an 
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illuminating flame is furnished by observing what occurs when the rate at which 
the gaseous combustible is supplied to the flame is very gradually increased, either 
by kindling a candle the wick of which has been cut short, or by slowly increasing 
the gas supply to an ordinary burner. When the flame is very small it is seen to 
consist of a bright blue inner cone surrounded' by apale lilac mantle. The bright 
blue cone is an area of combustion where there is sufiicientair to burn the hydro- 
carbons to gaseous products, without separation of carbon, but not sufficient to 
burn them completely to 00„ and H„0. It has been shown that under these con- 
ditions much of the carbon in the hydrocarbons burns to carbon monoxide, and 
only a part of the hydrogen is burnt. The CO and H escape from the inner cone 
and burn when they come in contact with more air, forming the mantle. As the 
supply of gas is increased a luminous spot becomes visible, and gradually in- 
creases in area until it becomes the luminous cone, at the same time the core of 
unburnt gas makes its appearance. What was at first the inner blue cone now 
becomes the bright blue cup at the base of the flame, and the mantle remains. 
The advent of the luminous spot indicates that the quantity of gas has so far 
increased that there is now insufficient air to burn the carbon separated from the 
hydrocarbons by the heat of the flame. 

From this review of the structure of flame, it is evident that, in 
order to secure a flame which shall be useful for illumination, attention 
must be paid to the supply of oxygen (or air), and to the composition 

The use of the chimney of an Argand burner 
(fig. Ill) affords an instance of the necessity 
for attention to the proper supply of air. 
Without the chimney, the flame is red at 
the edges and smoky, for the supply of air 
is not sufficient to consume the whole of the 
carbon which is sepai’ated, and the tempera- 
ture is not competent to raise it to a bright 
white heat, defects which are remedied as soon 
as the chimne}" is placed over it and the rapidly 
ascending heated column of air draws in a 
liberal supply beneath the burner, as indicated 
by the arrows. 

By using two chimneys, and causing the ah’ 
to pass down between them, so as to be heated 
before reaching the flame, and to be less 
capable of chilling the flame, an equal amount of light may be obtained 
from a much smaller supply of gas. 

Since a luminous flame contains carbon iii a condition in which it is 
very readily deposited on any surface held in the flame, it is desirable 
that a gas burner Avhich is to be used for heating purposes should 
supply a non-luminous flame. A deposit of soot on the bottom of a 
vessel forms a non-conducting layer through which the heat travels 
slowly; moreover, every particle of soot which escapes combustion 
signifies a loss in the calorific power of the gas. The smokeless gas 
burners employed in laboratories and kitchens exhibit the result of 
mixing the gas with a considerable proportion of air before burning it, 
the luminous part of the flame then entirely disappearing, because 
there is sufficient oxygen in the flame to burn the hydrocarbons before 
they can be decomposed with separation of carbon. By careful adjust- 
ment of the supply of air the combustion can be made to take place in 
a smaller space than when the gas has to seek its air supply from ' the 
surrounding atmosphere. For the same amount of gas consumed, that 
flame which is the smaller will have the higher temperature. 


of the fuel employed. 
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The principle upon which all air-gas burners are constructed is 
illustrated by Bunsen's burner (fig. 112), in which the gas is con- 
veyed through a narrow jet into a wide tube, at the base of which 
are two large holes for the admission of air. When a good supply of 
gas is turned on, a quantity of air, about 
twice the volume of the gas, is drawn in 
through the lower apertures, and the mix- 
ture of air and gas may be kindled at the 
orifice of the wide tube, its rapid motion 
preventing the fiame from passing down 
the tube. By closing the air-holes with 
the I fingers, a luminous fiame is at once 
produced. 

The luminosity of the flame may also be de- Fig. irz. Bunsen s humer. 
stroyed by supplying nitrogen instead of air to 

the Bunsen burner, when the diminution of the light is partly due to the 
increased area of the flame and partly to the cooling effect of the nitrogen, by 
which the temperature is lowered below that at which the hydrocarbons are 
decomposed with separation of carbon. This cooling effect occurs to some extent 
when air is supplied to the burner ; the nitrogen in this air lowers the tempera- 
ture of the flame just at that point where, in a luminous flame, the hydrocarbons 
are decomposed, although the more perfect combustion makes the temperature 
in other portions of the non-luminous flame higher than at corresponding points 
of the luminous flanle. When the air and coal gas are heated before being sup- 
plied to the burner the cooling effect of the nitrogen is counteracted, and the 
flame becomes luminous. The ordinary Bunsen flame consists of only two cones ; 
the'inner one is a core of mixture of air and gas which cannot be kindled because 
its rate of passage is more rapid than the rate at which a flame can travel in it ; 
the combustion occurs in the outer cone, where the speed has diminished. 

When the gas supply to a Bunsen burner is checked, the velocity of issue of 
the mixture of air and gas becomes so far diminished thatit is no longer greater 
than the rate at which the flame can travel in the mixture, consequently the 
flame passes down the tube of the burner and will burn at the jet from which 
the coal-gas issues; here the checked combustion will give rise to much acety- 
lene, which will be detected by its odour. By slipping a glass tube, some three or 
four feet long, over the tube of the burner, taking care not to cover the air in- 
let, and kindling the gas at the orifice of this tube, the flashing back of the flame 
may be observed. If the glass tube be constricted at a point some foot or so 
away from the orifice, the descending flame will be stopped at this constriction, 
for here the velocity of issue will be again sulSciently great to prevent further 
flashing back. Inasmuch as the flame at the constriction is burning out of con- 
tact with surrounding air, only such products are formed by its combustion as 
can be produced by the action of the oxygen supplied in the air from the burner ; 
these include much CO and H, so that a second flame composed of these gases 
burning in the air wiU generally be seen at the orifice of the tube. 

A more elaborate apparatus for showing this experiment is seen in fig. 1 10 ; 
in this the height of the constriction can be varied by sliding the outer 
tube on the rubber rings A A. Air and gas are supplied through the T-piece. In 
these experiments the supply of air must be greater (about 3 times the volume 
of the gas) than in a Bunsen burner, in order that a “ solid ” flame, consisting 
of two cones in each of which combustion is proceeding, may be obtained. 
Such a flame is characterised by the inner cone having a much greener appear- 
ance than has that of the ordinary Bunsen flame. It is also smaller and con- 
siderably hotter than the ordinarj' flame. The temperature of the hottest por- 
tion of the ordinary Bunsen flame, the centre of the outer cone, is stated to be 
about 1500“ C., whilst at the same point in the “solid ” flame the temperature is 
said to be about 1600° C. In order to use the hotter flame it is essential to cover 
the orifice of the tube with wire gauze to prevent the flame from flashing back. 
Fig. ii3_ shows an Argand burner converted into such a gauze burner by a cover- 
ing of wire gauze. When this is placed over the gas burner, a supply of air is 
•drawn in at the bottom by the ascending stream of gas, and the mixture burns 
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above the gauze with a very hot srookeless flame, the metallic meshes preventing 
the flame from passing down to the gas below. 

The luminosity of a flame is materially affected by the pressure of the atmo- 
sphere in which it burns, a diminution of pressure causing a loss of illuminating ■ 
power. If the light of a given flame burning in the air 
when the barometer stands at 30 inches be represented by 
100, each diminution of i inch in the height of the baro- 
meter will reduce the luminosity by 5 ; and, conversely, when 
the barometer rises i inch, the luminosity will be increased 
by 5. This is not due to any difference in the rate of burn- 
ing, which remains pretty constant, but to the more com- 
plete interpenetration of the rarefied air and the gases 
composing the flame ; this gives rise to the separation of a 
smaller quantity of incandescent carbon. In air at a pressure 
of 120 inches of mercury, the flame of alcohol is highly 
luminous. 

The following table exhibits the composition of 
some of the principal substances concerned in producing ordinary flames : 






Weight of Carbon 

Fuel. 


Formula. 

in One Volume 

in Proportion to 




of A'’apour. 

Hydrogen. 

Marsh gas 


OH. 

6 

3 

Olefiant gas 


C..H, 

12 

6 

Acetylene 


c.:h.. 

12 

12 

Alcohol .... 


C,H „0 

12 

4 

Benzene .... 



36 

12 

Paraffin oil . 



42 

5-3 

Turpentine 



60 

7-5 

Naphthalene . 


C,„H, 

60 

15 

Paraffin wax . 


0 , 003 . 

96 

5-6 

Wax .... 



— 

6 

Stearin (tallow) 


O57H110O0 

— 

6.2 

Olein (oil) 


C3rH.„,03 

— 

6.6 


It mil be observed that marsh gas and alcohol have no illuminating 
value, because they contain too little carbon in proportion to the 
hydrogen. On the other hand, acetylene, benzene, 
naphthalene, and turpentine contain too much car- 
bon, and burn with smoky flames. Paraffin oil, 
though containing less carbon in proportion to 
hydrogen than the animal and vegetable oils (olein), 
gives a flame with more tendency .to smoke, because 
of the large amount of carbon in one volume of its 
vapour. The animal and vegetable oils are decom- 
posed by the heat into simpler molecules, such as 
marsh gas, olefiant gas, and acetylene, which con- 
tain less carbon in each volume of vapour. Benzene 
(coal naphtha) vapour when mixed with air burns 
Avith a smokeless flame. 

If a piece of cotton wool, moistened with benzene, be 
placed in a flask provided with two tubes (fig. 114), it will be found, on gently 
warming the flask by dipping it into hot water, and blowing through one of the 
tubes, that the mixture of benzene vapour and air issuing from the other tube will 
turn with a smokeless bright flame. 

If coal gas, which is essentially a mixture of hydrogen, marsh gas, 
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and olefiant gas, and generally contains rather too much hydrogen in 
proportion to its carbon, be enriched with carbon by passing over 
benzene (light coal naphtha) or naphthalene, as in the alhoearbon light, 
it burns with a far more luminous flame. 

76. The blowpipe flame . — ^The principles already laid down will render 
the structure of the blowpipe flame easily intelligible. It must be 
remembered that in using the blowpipe, the stream of air is not pro- 
pelled from the lungs of the operator (where a great part of its oxygen 
would have been consumed), but simply from the mouth, by the action 
of the muscles of the .cheeks. The first apparent efliect upon the flame 
is entirely to destroy its luminosity, the free supply of air effecting the 
immediate combustion of the carbon. The size oE the flame, moreover, 
is much diminished, and the combustion being concentrated into a 
smaller space, the temperature must 
be much higher at any given point 
of the flame. In structure, the blow- o 
pipe flame is similar to the ordinary 
flame, consisting of three distinct 
cones, the innermost of which (A, 
fig. 1 15) is filled with the cool mix- 
ture of air and combustible gas. The 
second cone, especially at its point Fig. 115.— Blowpipe flame. 

(R), is termed the reducing flame, 

for the supply of oxygen at that part is not suflicient to convert the 
■carbon into carbon dioxide, but leaves it as carbonic oxide, which 
speedily reduces almost all metallic oxides placed in that part of the 
flame td the metallic state. The outermost cone ( 0 ) is called the 
oxidising flame, for there the supply of oxygen from the surrounding 
air is unlimited, and any substance prone to combine with oxygen at a 
high temperature is oxidised when exposed to the action of that portion 
of the flame ; the hottest point of the blowpipe flame, where neither 




Fig. 116. — Beduction of metals on cha-coal. 

fuel nor oxygen is in exce.ss, appears to be a very little in advance of 
the exti’emity of the second (reducing) cone. The difference in the 
■operation of the two flames is readily shown by placing a little red lead 
(oxide of lead) in a shallow cavity scooped upon the surface of a piece 
of charcoal (fig. 1 16), and directing the flames upon it in succession) ; 
the inner flame will reduce a globule of metallic lead, which may be 
reconverted into oxide by exposing it to the outer flame.^ 

* By directing tte reducing flame upon the metallic oxide in the cavity, and allowing 
the oxidising flame to sweep over the surface of the charcoal, as shown in the figure, a 
yellow incripiniion of oxide of lead is formed upon the surface of the charcoal, which 
jtffords additional evidence of the nature of the metal. 
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The immense service rendered by this instrument to the chemist and 
mineralogist is well known. 

By forcing a stream of oxygen through a flame, from a gas-holder or 
bag, an intensely hot blowpipe flame is obtained, in which pipeclay and 
platinum may be melted, and h’on burns with great brilliancy. 


Fletcher’s Jwt-Uast hlowpipe (fig. 117) produces a much higher temperature than 
the ordinary blowpipe. Coal gas is supplied through the tube g, and is kindled 

at the Bunsen burners h h and at the orifice/, the 
supply to the former being regulated by the stop- 
cock c, and to the latter by the stop-cock d. The 
flames of the Bunsen burners heat the spiral 
copper tube e to redness, so that the air blown in 
through the flexible tube a is strongly heated 
before being projected into the flame through a 
blowpipe jet at /. Thin platinum wires melt 
easily in this flame, and thin iron wires burn away 
rapidly. 

77. Determination of the com2)osition of 
gases containing carbon and hydrogen . — 
In order to ascertain the proportions of 
carbon and hydrogen present in a gas, a 
measured volume of the gas is mixed with an excess of oxygen, the 
volume of the mixture carefully noted, and explosion determined by 
passing the electric spark; the gas i-emaining after the explosion is 
measured and shaken with potash, which absorbs the carbonic acid 
gas, from the volume of which the proportion of carbon may be 
calculated. For example. 



Fig. 117. — Hot-blaat blowpipe. 


4 c.c. of marsh gas, mixed with 
10 „ oxygen, and exploded, left 

6 „ gas ; shaken with potash, it left 
2 „ oxygen, 


showing that 4 c.c. of carbonic acid gas had been produced. This 
quantity would contain 4 c.c. of oxygen. Deducting this last from the 
total amount of oxygen consumed (8 c.c.), we have 4 c.c. for the volume 
of oxygen consumed by the hydrogen. Now, 4 c.c. of oxygen would 
combine Avith 8 c.c. of hydrogen, which represents therefore the amount 
of hydrogen in the marsh gas employed. It has thus been ascertained 
that the marsh gas contains twice its volume of hydrogen. 

The method by Avhich the composition by weight of a gas containing 
carbon and hydrogen can be ascertained Avill be appreciated when the 
section on ultimate organic analysis has been studied. In the case of 
marsh gas such an analysis shows that the carbon and hydrogen are 
present in the gas in the proportion of 3 parts by weight of carbon 
to one part by Aveight of hydrogen. If the atomic Aveight of carbon be 
12, the simplest formula for marsh gas, expressing this ratio of 0 to H, 
Avill be CH^. But the formula OjHg Avould equalty express the ratio 
3: I - (12x2 : 1x8); this cannot be the formula for marsh gas, how- 
ever, because the specific gravity (H= i) of the gas is 8, therefore its 
molecular Aveight must be 16 (p. 44), and as the formula is to represent 
one molecular Aveight (p. 9), the formula for marsh gas must be OH^ 
(i 2 -f- 4 = 16), not OgHg (24 -f 8 = 32). 

For the purpose of illustration, the analysis of marsh gas may be eifected in 
a Tire’s eudiometer (fig. 38), but a considerable excess of oxygen should be 
added to moderate the explosion. The eudiometer having been filled with water. 
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I c.c. of marsh gas is introduced into it, as described at p. 41, and having been 
transferred to the closed limb and accurately measured after equalising the level 
of the water, the open limb is again filled up with water, the eudiometer inverted 
in the trough, and 12 c.c. of oxygen added ; this is also transferred to the closed 
limb and carefully measured. The electric spark is passed through the mixture 
(see p. 41), the open limb being closed by the thumb. The level of the water in 
both limbs is then equalised, and the volume of gas measured. . The open limb is 
filled up with a strong solution of potash, and closed by the thumb, so that the 
gas may be transferred from the closed to the open limb and back, until its 
volume is no longer diminished by the absorption of carbon dioxide. The volume 
of residual oxygen having been measured, the calculation is effected as described 
above. 

The results are more exact when the eudiometer is filled with mercury instead 
of water, and corrections for temperature and pressure are made. 


Coal Gas. 


78. The manufacture of coal gas is one of the most important appli- 
cations of the principle of destructive distillation, and affords an excel- 
lent example of the tendency of this process to develop new arrangements 
of the elements of a compound body. The action of heat upon coal, in 
a vessel from which air is excluded, gives rise to the production of a 
very large number of compounds containing some two or more of the 
five elements of the coal, in different proportions, or in difterent forms 
of arrangement. Although no clue has yet been obtained to indicate 
the true arrangement of these elements in the original coal (or, as it is 
termed, the constitution of the coal), it is certain that these various com- 
pounds do not exist in it before the application of heat, but are really 
the results of this application ; that they are indeed 2>'>'od%icts and not 
educts. 

The illuminating gas obtained from coal consists essentially of free 
hydrogen, marsh gas,' olefiant gas, and carbonic oxide, with small 
quantities of acetylene, benzene vapour, and some other substances. 
Its specific gravity is about 0.4, and is higher the higher the illuminating 
value of the gas. 

A fair general idea of the composition of coal gas is given by the 
following table : — 


Composition hi/ volume. 
Hydrogen . 

Marsh gas . 
Carbonic oxide . 
Olefiant gas* 
Carbonic acid gas 
Nitrogen 
Oxygen 


Gas from Neiccastle Coal 
■ 43-99 

• 39-36 

6.42 

4.12 

. . Traces 

• 5-40 
0.40 


Gas from Gannel. 
41.72- 
41.88 
4.9S 
8.72 
0.00 
T.Jl 
0.00 


99.69 ... 100.01 

The constituents which contribute most largely to the illuminating 
value of the gas are the vapour of benzene, acetylene, olefiant gas and 
similar hydrocarbons. 

The most objectionable constituent is the sulphur present as sul- 
phuretted hydrogen and bisulphide of carbon, for tins is converted by 
combustion into sulphurous and sulphuric acids, which seriously injure 
pictures, furniture, Ac. The object of the manufacturer of coal gas is 

* Including the benzene vapour, acetylene, Ac. 
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to remove, as far as possible, everything from it,' except the constituents 
mentioned as essential, and at the same time to obtain as large a volume 
of gas from a given weight of coal as is consistent with good illuminat- 
ing value. 

The other products of- the destructive distillation of coal, the mode of 
purifying the gas, and the general arrangements for its manufacture, 
will be described in a later part of the book. 



The destructive distillation of coal may be exhibited with the arrangement 
represented in fig. ii8. The solid and liquid products (tar, ammoniaoal liquor, 
&o.) are condensed in a globular receiver (A). The first bent tube contains, 
in one limb (B), a piece of red litmus-paper to detect ammonia ; and in the 

other (C) a piece of paper impregnated with lead 
acetate, which will be blackened by the sulphuretted 
hydrogen. The second bent tube {D) contains enough 
lime-water to fill the bend; which will be rendered 
milky by the carbonic acid gas. The coal gas is col- 
lected over water, in the jar E, which is furnished 
with a jet from which the gas may be burnt when 
forced out by depressing the jar in water. 

The presence of acetylene in coal gas may be 
shown by passing the gas from the supply-pipe (A, 
fig. 1 19), first through a bottle (B) containing a little 
ammonia, then through a bent tube (C) with enough 
water to fill the bend, and a piece of bright sheet 
copper immersed in the water in each limb. After a short time the bright red 
flakes of the copper acetylide will be seen in the water. 
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Si*'’ =28.4 parts by weight. 

79. In many of its chemical relations to other bodies this element 
Avill be found to bear a great resemblance to carbon ; but whilst carbon 
is the characteristic element of organic substances, silicon is the most 
abuudant element in the mineral world, where it is chiefly found in 
combination with oxygen, as silica (SiOj), either alone or as silicates. 

Silica (Si02 = 6o parts by weight).-^The purest natural form of 
silica is the transparent and colourless variety of quartz known as roch 
ci'ystal, the most widely diflTused ornament of the mineral world, often 
seen crystallised in beautiful six-sided prisms, terminated by six-sided 
pyramids (fig. 120), which are always easily distinguished by their 
great hardness, scratching glass almost as readily as 'does the diamond. 
Coloured of a delicate purple, probably by a little organic matter, these 
crystals are known as amethysts ; and when of a brown colour, as 
Gairngorm stones or Scotch pehhles. Losing its transparency and 
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crystalline structure, we meet with silica in the form of chalcedony and 
■of carnelian, usually coloured, in the latter, with oxide of iron. 

Hardly any substance has so great a share in the lapidary’s art as 
silica, for in addition to the above instances of its value for ornamental 
purposes, we find it con- 
stituting jasper, agate, 
cat's eye, onyx, so much 
prized for cameos, opal, 
and some other precious 
stones. In opal the silica 
is combined with water. 

Sand, of which the Fig. 120. — Crystal of quartz, 

whiter varieties are nearly 

pure silica, appears to have been formed by the disintegration of 
siliceous rocks, and has generally a yellow or brown colour, due to 
the presence of oxide of iron. 

The resistance offered by silica to all impressions has become pro- 
vei’bial in the case oijlint, which consists essentially of that substance 
coloured with some impurity. Flints are generally found in compact 
masses, distributed in regular beds throughout the chalk formation ; 
their hardne.ss, which even exceeds that of quartz, rendered them useful, 
before the days of matches, for striking sparks with steel; small 
particles of metal are thus detached, and are so heated by the percussion 
as to continue to burn (see p. 34) in the air, and to inflame tinder or 
.gunpowder upon which they are allowed to fall. 

The part taken by silica in natural operations appears to be chiefly a 
mechanical one, for which its stability under ordinary influences pecu- 
liarly fits it, for it is found to constitute the great bulk of the soil which 
serves as a support and food I'eservoir for land plants, and enters largely 
into the composition of the greater number of rocks. 

But that this substance is not altogether excluded from any share in 
life, is shown by its presence in the shining outer sheath of the stems 
of the grasses and cereals, particularly in the hard external coating of 
the Dutch rush used for polishing, and in the joints of the bamboo, 
where it forms the greater part of the matter known as tabasheer. 
This alone would lead to the inference that silica could not be 
absolutely insoluble, since the capillary vessels of plants are known to 
be capable of absorbing only such substances as are in a state of solu- 
tion. Many natural waters also present us with silica in a dissolved 
state, and often in considerable quantity, as, for example, in the 
geysers of Iceland, which deposit a coating of silica upon the earth 
around their borders. 

Pure water, however, has no solvent action upon the natural varieties 
of silica. The action of an alkali is required to bring it into a soluble 
form. 

To effect this upon the small scale, some white sand is very finely 
powdered (in an agate mortar), mixed with about four times its weight 
of dried sodium carbonate, placed upon a piece of platinum foil slightly 
bent up (fig. 121), and fused by directing the flame of a blowpipe upon 
the under side of the foil. Effervescence will be observed, due to the 
•escape of carbonic acid gas. The piece of platinum foil, when cool, may 
be placed in a little warm water, and allowed to soak for some time. 
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when the melted mass will gradually dissolve, forming a solution of sodiwm- 
silicate. This solution will be found decidedly alkaline to test-papers. 

If a portion of the solution of sodium silicate in water be poured into a 
test-tube, and two or three drops of hydrochloric acid be added to it, with 
occasional agitation, elFervescence will be produced by the expulsion of 
any carbonic acid gas still remaining, and the solution will be converted 
into a gelatinous mass by the separation of silicic acid. But if another 
, portion of the solution be poured into an excess of dilute hydrochloric 

acid {i.e., into enough to 
render the solution dis- 
tinctly acid), the silicic 
acid will remain dis- 
solved in the waterj 
together with the so- 
dium chloride formed. 

In order to separate 
the sodium chloride from 
the silicic acid, the pro- 
cess of dialysis must be 
resorted to. 

Dialysis is the sepa- 
ration of dissolved substances from each other by taking advantage of 
the different rates at which they pass through moist diaphragms or 
septa. It is found that those substances which crystallise (crystalloids} 
and the mineral acids pass through such septa in a solution faster than 
do amorphous substances (colloids). 

If the mixed solution of sodium chloride and silicic acid were poured 
upon an ordinary paper filter, it would pass through without alteration 
but if parchment paper be employed, which is not pervious to Avater, 
although readily moistened by it, none of the liquid Avill pass through^ 
If the cone of parchment paper be supported upon a vessel filled with 




distilled Avater (fig. 122), so that the water may be in contact Avdth the 
outer surface of the cone, the hydrochloric acid and the sodium chloride 
will pass through the substance of the parchment paper, and the Avater_ 
charged Avith them may be seen descending in dense streams from the- 
outside of the cone. After a few hours, especially if the Avater be changed 
occasionally, the whole of the hydrochloric acid and sodium chloride Avill 

* From otaXuw, to part asunder. 



Fig. 121. — Fusion on jilatinum foil. 
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have passed through, and a pure solution of silicic acid in water will 
remain in the cone. 

A convenient form of dialyscr is represented in fig. 123 ; it consists of parchment 
paper stretched over a gutta-percha ring and held in this position by a concentric ring. 
It is suspended on a surface of water and the solution to be dialysed is poured upon it. 

This solution is believed to contain the orthosilicic acid, 11 , 0 . 2 SiO,, or 
H^SiO^, or Si(OH)^. It is very feebly acid to blue litmus-paper, and 
not perceptibly sour to the taste. It has a great tendency to set into a 
jelly in consequence of the sudden separation of silicic acid. If it be 
slowly evaporated in a dish, it soon solidifies ; but, by conducting the 
evapm-ation in a flask, so as to prevent any drying of the silicic acid at 
the edges of the liquid, it may be concentrated until it contains 14 per 
cent, of silicic acid. "When this solution is kept, even in a stoppered 
or corked bottle, it sets into a transparent gelatinous mass, which 
gradually shrinks and separates from the water. When evaporated, in 
vacuo, over sulphuric acid, it gives a transparent lustrous glass which is 
composed of 22 per cent, of water and 78 per cent, of silica (HjO.SiOj). 
This is also the composition of the gelatinous precipitate produced by 
acids in the solution of sodium silieate. It is sometimes written HjSiOg 
or SiO(OH)5, and called vietasilicic acid. 

This behaviour of silicic acid is typical of colloids ; they can generally 
exist in solution (the hydrosol form), but are apt to separate as a jelly 
(the hydrogel form) from such solutions. Gelatine is a familiar example. 

The hydrated silica cannot be redissolved in water, and is only soluble 
to a slight extent in hydrochloric acid. If it be heated to expel the 
water, the silica which remains is insoluble both in water and in hydro- 
chloric acid, but is dissolved when boiled with solution of potash or soda, 
or their carbonates. 

Silica in the naturally crystallised form, as rock crystal and quartz, 
is insoluble in boiling solutions of the alkalies, and in all acids except 
hydrofluoric ; but amorphous silica (such as opal and tripoli) is readily 
dissolved by boiling alkalies. These represent, in fact, two distinct 
modifications of silica, which may be said to be dimorphous.* A trans- 
parent piece of rock crystal may be heated to bright redness without 
change, but if it be powdered previously to being heated, its speciflc 
gravity is diminished from 2.6 to 2.4, and it becomes soluble in boiling 
alkalies, having been converted into the amorphous modification. The 
natural forms of amorphous silica of sp. gr. 2.2 are always hydrated, and 
even some of the varieties of sp. gr. 2.6, such as flint, agate, and chalce- 
dony, contain a little water, pointing to the aqueous origin of all silica. 

Crystals of quartz have been obtained artificially by the prolonged 
action of water upon glass at a high temperature under pressure. When 
fused with the oxyhydrogen blowpipe, silica does not crystallise, being 
thus converted into the amorphous variety of sp. gr. 2.2. Quartz is an ex- 
cellent insulator of electricity, far surpassing glass in a moist atmosphere. 

To prepare the amorphous modification of silica artificially, white sand in very 
fine powder may be fused, in a platinum crucible, with six times its weight of a 
mixture of equal weights of the potassium and sodium carbonates, the mixture 
being more easily fusible than either of the carbonates separatelj'. The crucible 
may be heated over a gas burner supplied with a mixture of gas and air, or may 

If indijmitc — a mineral which occurs in anhydrous hexagonal crystals, has a sp. gr. 
of 2.3, aud_ is not attacked by alkalies — ^be regarded as the type of another crystalline 
variety of silica, this must be said to be trimorjUtous. 
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be placed in a little calcined magnesia contained in a fireclay crucible, which may 
be covered up and introduced into a good fire. The platinum crucible is never 
heated in direct contact with fuel, since the metal would become brittle by com- 
bining with carbon, silicon, and sulphur derived from the fuel. The magnesia is 
used to protect the platinum from contact with the clay crucible. When the 
action of the silica upon the alkaline 
carbonates is completed, which will be 
indicated by the cessation of the 
effervescence, the platinum crucible is 
allowed to cool, placed in an evapo- 
rating dish, and soaked for a night in, 
water, when the mass should be almost 
entirely dissolved. Hydrochloric acid 
is then added to the solution, with occa- 
sional stirring, until it is distinctly acid 


Fig. 124. Fig. 125. — Washing a preoipit.ate. ' 

to litmus-paper. On evaporating the solution, it will, at a certain point, solidify 
to a gelatinous mass of hydrated silica, which would be spirted out of the dish if 
evaporation over the flame were continued. To prevent this, the dish is placed 
over an empty iron saucepan (fig. 124) so that the beat from the flame may be 
equally distributed over the bottom of the dish. When the mass is quite dry, the 

dish is allowed to cool, and some 
water is poured into it, which dis- 
solves the chlorides of potassium and 
sodium (formed by the action of the 
hydrochloric acid upon the silicates), 
and leaves the silica in white flakes. 
These may be collected upon a filter 
(fig. 125), and washed several times 
with distilled water. The filter is 
then carefully spread out upon a hot 
iron plate, or upon a hot brick, and 
allowed to dry, when the silica is left 
as a dazzling white powder, which 
must be strongly heated in a porce- 
lain or platinum crucible to expel the 
last traces of water. It is remarkable 
for its extreme lightness, especially 
when heated, the slightest current of 
air easily blowing it away. 

80. _ For effecting such fusions as 
that just described, an air-gas blow- 
pipe (A, fig. 126) supplied with air 
from a double-action bellows (B), 
Fig. 126.— Air-gas blowpipe table. worked by a treadle (C), will be found 

most convenient. Where gas is not 
at hand, the fusion may be effected-in a small furnace (fig. 127), surmounted 
with a conical chimney, and fed with charcoal. 

81. Silicates . — ^The acid properties of silicic acid are so feeble that it 
is a matter of great difficulty to determine the proportion of any base 
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Avhicli is required to react with it in order to form a chemically neutral 
salt. Like carbonic acid, it does not destroy the action of the alkalies 
upon test-papers, and we are therefore deprived of this method^ of 
ascertaining the proportion of alkali which neutralises it in a chemical 
sense. In attempting to ascertain the quantity of alkali with which 
silica combines, from that of the carbon di- 
oxide which it expels when heated mth an 
alkaline carbonate, it is found that the pro- 
portion of carbon dioxide expelled varies con- 
siderably, according to the temperature and the 
proportion of alkaline carbonate employed. 

By heating silica with sodium hydroxide 
(NaOH), it is found that 6o parts of silica 
expel 36 parts of water, however much 
NaOH is employed, and the same proportion 
of water is expelled from barium hydroxide, 

Ba(OII)5, when heated with silica. 

The formula SiO, represents 60 parts by 
weight of silica, and" 36 parts represent two 
molecules of water. Hence it would appear 
that the action of silica upon sodium hy- Fig. 127. — Charcoal furnace, 
droxide is represented by the equation — 

4Na0H-t-Si0j = Na^Si 0 ^ 4 - 2H2O; and that upon barium hydi’oxide by 
2Ba(OH)2-}-SiO„ = Ba2SiO^+ aHjO : and since it is found that several 
of the crystallised mineral silicates contain a quantity of metal 
equivalent to H^, it is usual to represent silicic acid as a tetrabasic 
f acid, H^Si04, containing 4 atoms of hydrogen which may be replaced by 
metals. 

The circumstance that silica is not capable of being converted into 
vapour at a high temperature, enables it to decompose the salts of 
many acids wliich, at ordinary temperatures, are able to displace silicic 
acid. The feebly acid character of SiO, will recall that of CO^. Other 
comparison between these analogues is hardly possible on account of 
then’ different physical condition. 

The silicates form by^far the greatest number of minerals. The 
different varieties of clay consist of aluminium silicate; felspar is 
a silicate of aluminium and potassium; meerschaum is a silicate of 
magnesium. 

The different kinds of glass are composed of silicates of potassium, 
sodium, calcium, lead, &c. None but the silicates of the alkali metals 
are soluble in water. 

Scarcely an}' of the silicates are represented by formulm which express 
them derivation from the acid H^SiO^; they are generally represented 
as derivatives of metasilicic acid and of polysilicic acids, i.e., com- 
pounds of nlip with SiO,. 

This tendency of silicon to form complex mineral compounds is com- 
parable with that of its analogue, carbon, to form complex organic com- 
pounds, but whereas oxygen is the other element mostly concerned in 
the formation of mineral silicates, hydrogen is the predominant 
companion of carbon in organic derivatives. 

82. Silicon or silidum (Si= 28 parts by weight). — From the remark- 
ably unchangeable character of silica, it is not surprising that it was- 
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long regarded as an elementary substance. In 1813, however, Davy 
.succeeded in decomposing it by the action of potassium, and in obtain- 
ing an impure specimen of silicon. It has since been produced, far 
more easily, by converting the silica into potassium silico-fluoride 
(KoSiFg), and' decomposing this at a high temperature with potassium 
or sodium, which combines with the fluorine to form a salt capable of 
being dissolved out by water, leaving the silicon in the form of a brown 
powder {cimorphous silicon), which resists the action of all acids, except 
hydrofluoric, which it decomposes, forming silicon fluoride, and evolving 
hydrogen (Si -f 4HF = SiF^ + H J. It is also dissolved by solution of 
potash, with evolution of hydrogen, and formation of potassium silicate. 
It burns brilliantly when heated in oxygen, but not completely, for it 
becomes coated with silica which is fused by the intense heat of the 
■combustion. When heated with the blowpipe on platinum foil, it eats a 
hole through the metal, with which it forms the fusible platinum silicide. 

If potassium silico-fluoride be fused with aluminium, a portion of the 
latter combines with the fluorine, and the remainder combines with the 
.silicon, forming aluminium silicide. By boiling this with hydrochloric 
.and hydrofluoric acids in succession, the aluminium is exti’acted, and 
crystalline scales of silicon, with a metallic lustre resembling that of black 
lead, are left {graphitoicl silicon). In this form the silicon has a specific 
.gravity of about 2.5, and refuses to burn in oxygen, or to dissolve in 
hydrofluoric acid. A mixture of nitric and hydrofluoric acids, however, 
is capable of dissolving it. Like graphite, this variety of silicon 
conducts electricity, though amorphous silicon is a non-conductor. The 
amorphous silicon becomes converted into this incombustible and 
insoluble form under the action of intense heat. It is worthy of 
remark that the combustibility of amorphous carbon (charcoal) is also 
very much diminished by exposure to a high temperature. 

'IJnlike carbon, however, silicon is capable of being fused at a tem- 
perature somewhat above the melting-point of cast-iron ; on cooling, it 
forms a brilliant metallic-looking mass, which may be obtained, by 
•certain processes, crystallised in octahedra so hard as to scratch glass, 
.like a diamond. 

In their chemical relations to other substances there is much resem- 
blance between silicon and carbon. Silicon, however, is capable of dis- 
placing carbon, for if potassium carbonate be fused with silicon, the 
latter is dissolved, forming potassium silicate, and carbon is separated. 
.Silicon also resembles carbon in its disposition to unite with certain 
metals to form compounds which still retain- their metallic appearance. 
Thus silicon is found together with carbon in cast-iron, and it unites 
directly with aluminium, zinc, and platinum, to form compounds resem- 
bling metallic alloys. Nitrogen enters into direct union with silicon at 
a high temperature, though it refuses to unite with carbon except in 
the presence of alkalies. 

Silicon nitride (SiN) has been obtained by heating silica with carbon in a blast 
furnace, and treating the product successively with hydrofluoric acid and potash, 
when the nitride is left as a green infusible powder which is attacked by potash 
at a red heat, yielding potassium silicate, hydrogen, and ammonia. Si^Ng is 
formed by heating silicon in nitrogen. 

The most important analogy between carbon and silicon from a 
-theoretical point of view, resides in the fact that each of them combines 
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with hydrogen in the proportion of one atom of the element to four 
atoms of hydrogen, showing that each is a tetravalent element. 

Silicon hydride, SiH^, is, however, the only compound which silicon 
forms with hydrogen, and is much less stable than mai’sh gas. It is 
prepared by decomposing magnesium silicide (made by heating silica 
with magnesium) with dilute hydrochloric acid. Unlike CH^, it takes 
fire spontaneously in contact with the air, in which it burns with a 
brilliant white flame, giving off clouds of silica, and depositing a brown 
film of silicon upon a cold surface. 

In accordance with the general principle that elements which are 
closely related have little tendency to combine with each other, carbon 
and silicon will only unite at a veiy high temperature (i2oo°-i4oo° 0.) 

Silicon carbide {carborundum}, SiO, is prepared by heating silicon or silica with 
carbon in the electric furnace and treating the mass, first with nitric and hydro- 
fiuoric acids, and then with nitric acid and potassium chlorate. It is thus obtained 
in colourless, transparent, tabular crystals, the sp. gr. of which is 3. 12 ; it is nearly 
as hard as diamond, and has been proposed as a polishing material. It burns 
very slowly in oxygen when finely divided and strongly heaved. Most oxidising 
agents do not attack it, even when fused with it, though a melted alkali converts 
it into carbonate and silicate of the alkali metal. 

When cast-iron containing silicon is boiled with hydrochloric acid until the 
whole of the iron is dissolved, a grey frothy residue is left. If this be collected on 
a filter, well washed and dried, it is found to consist of black scales of graphite, 
mixed with a very light white powder. On boiling it with potash, hydrogen is 
evolved and the white powder dissolves, forming a solution containing potassium 
silicate. This white powder appears to be identical with a substance obtained by 
other processes, and called leucone,* which is believed to have the composition 
SijHoOj or 0(Si0H)2. Its action upon solution of potash would be explained by 
the equation — ShHoO.,-}- 4KOH = aKoSiOj + H^O + H^. Leucone is slowly converted 
into silicic acid, e’ve'n by the action o"f water, hydrogen being disengaged. It burns 
when heated in air. 

Other compounds of this character have been prepared. 

BORON. 

B"' = II parts by weight. 

83. Closely allied in some respects, to silicon is another element 
boron, ^which is almost entirely confined to the mineral kingdom ; it 
has, however, been recently found in grape-vines and a few other plants. 

Soric Anhydride, or Anhydrous Boracic Acid (B,03 = 69.8 parts by 
weight). — A saline substance called borax (NagB^Oj.ioAq) has long 
been used in medicine, in working metals, and in malang imitations of 
precious stones ; this substance was originally imported from India and 
Thibet, where it was obtained in crystals from the waters of certain 
lakes, and came into this country under the native designation of tincal, 
consisting of impure borax, surrounded with a peculiar soapy substance. 
Borax has recently been found in abundance in the bed of a dried-up 
lake in the Sierra Nevada. 

In 1702, in the course of one of those experiments to which, though 
^pirical in their nature, scientific chemistry is now so deeply indebted, 
Homberg happened to distil a mixture of borax and green vitriol (ferrous 
sulphate), when he obtained a new substance in pearly plates, which was 
round useful in medicine, and received the name of sedative salt. A 
quarter of a century later, Lemery found that this substance might be 

* AcvKOy, white. 
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separated from borax by employing sulphuric acid instead of ferrous 
sulphate, and that it possessed acid properties, whence it was called 
boracic acid. 

Much more recently this acid has been obtained in a free state from' 
natural sources, and is now largely imported into this country from the 
volcanic districts in the north of Italy, where it issues from the earth 
in the form of vapour, accompanied by violent jets of steam, which are 
known in the neighbourhood as soffioni'. It would appear easy enough, 
by adopting arrangements for the condensation of this steam, to obtain 
the boric (boracic) acid which accompanies it, but it is found necessary 
to cause the steam to deposit its boric acid by passing it through water, 
for which purpose basins of brickwork {lagunes,&g. 128) are built up 
around the soffioni, and are kept filled with water from the neighbouring 



springs or brooks j this water is allowed to flow successively into the 
diflferent lagunes, which are built upon a declivity for that purpose, and 
it thus becomes impregnated with about i per cent, of boric acid. The, 
necessity for expelling a large proportion of this water, in order to 
obtain the boric acid in crystals, formed for a long time a great obstacle 
to the success of this branch of industry in a country where fuel is very 
expensive. In 1817, however, Larderello conceived the project of 
evaporating this water by the steam-heat afforded by the soffioni them- 
selves, and several hundred tons of boric acid are now annually produced 
in this manner. The evaporation is conducted in shallow leaden evapo- 
rating pans (A, fig. 128), under which the steam from the soffioni is 
conducted through the flues (F) constructed for that purpose. <As the 
demand for boric acid increased on account of the immense consumption 
of borax in the porcelain -manufacture, the experiment was made, mth 
success, of boring into the volcanic strata, and thus producing artificial 
soffioni, yielding boric acid. 

The crystals of boric acid, as imported from these sources, contain 
salts of ammonia and other impurities. They dissolve in about three 
times their Aveight of boiling Avater, and crystallise on cooling, since 
they require 26 parts of cold Avater to dissolve them. These crystals 
are represented by the formula SH^O.BjOg (or H3BO3, or B(OH)3). If 
they are sharply heated in a retort, they partly distil over unchanged, 
together Avith the Avater derived from the decomposition of another 
part; but if they be not heated above 212° F., they effioresce, and 
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Become convei’ted into When heated for a long time to 

140° 0 ., this becomes H2O.2B2O3. This is sometimes written HjBjO^, 
and called pyroboric acid, whilst HgO.BgOg is HgBgO^, metaboric acid, 
and the crystals, H3BO3, are orthoboric acid. When pyroboric acid is 
heated further, the ivhole of the water passes off, carrying with it a 
little boric acid, and the BgOg fuses to a glass, which remains perfectly 
transparent on cooling {vitreoios bm'ic add). This is slowly volatilised 
by the continued action of a very high temperature. It dissolves very 
slowly in water. Boric acid is an antiseptic, i.e., it hinders putrefaction, 
and is apphed, either alone or in combination with glycerin, for the 
' preservation of milk, meat, and other foods. It is also said to kill grass. 

A characteristic property of boric acid is that of imparting a green 
colour to flames. Its presence may thus be detected in the steam 
issuing from a boiling solution of boric acid in water ; for if a spirit- 
flame or a piece of burning paper be held in the steam, the flame will 
acquire a green tint, especially at the edges. 

The colour is more distinctly seen when the crystallised boric acid is heated on 
platinum foil in a spirit-flame or an air-gas flame; and still better when the 
crystals are dissolved in boiling alcohol, and the solution burnt on a plate. The 
^ presence of boric acid in borax may be ascertained by mixing the solution of 
borax with strong sulphuric acid to liberate the boric acid, and adding enough 
alcohol to make the mixture burn ; or by moistening the borax with glycerin, 
when it will give a green flame in the Bunsen burner. Another peculiar property 
of boric acid is its action upon turmeric. If a piece of turmeric paper be dipped 
in solution of boric acid and dried at a gentle heat, it assumes a fine brown-red 
colour, which is changed to green or blue by potash or its carbonate. In apply- 
ing this test to borax, the solution is slightly acidified with hydrochloric acid, to 
^ set free the boric acid, before dipping the paper. 

Borates. — Boric acid, like silicic, must be classed among the feeble 
acids. It colours litmus violet only, like carbonic acid, and does not 
neutralise the action of the alkalies upon test-papers. At high tem- 
peratures, fused boric anhydride combines with the alkalies and 
metallic oxides to form transparent glassy borates, which have, in many 
cases, very brilliant colours, and upon this property depend the chief 
iises of boric acid in the arts. 

TJnlike the silicates, the borates are comparatively rare in the 
mineral world. No very familiar mineral substance, except borax, 
contains boric acid. A double borate of sodium and calcium, called 
So?-o-?ia«rocafciie, Na2BPy.(CaB^07)2.i8Il20, is imported from Peru for 
the manufacture of borax, and the mineral, kno^vn as boracite is a 
magnesium borate. 

^ The mineral tourmaline, an aluminium-ferrous silicate, contains a con- 
siderable proportion of B.,03, apparently replacing part of the AI2O3, 

In determining the proportion of base which boric acid requires to 
form a chemically neutral salt, the same difficulties are met with as in 
the case of silicic acid (p. 125) j but since it is found that 69.8 parts of 
hox'ic anhydride (the weight represented by BjOg) displace 54 parts of 
■Water (three molecules) from sodium hydroxide and from bai’ium hy- 
droxide, each employed in excess, it would appear that' the boric acid 
requires three molecules of an alkali fully to satisfy its acid character, 
6Na0H-bB2O3 = 2Na3BO3H-3H2O. Hence, boric acid is a tribasic 

* According to Hehner, boric acid can bo completely volatilised at 100° C. without at 
any stage having the composition HsO.BaOa. 

I 
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acid * represented by tbe formula H3BO3, whicb is tbe composition of 
the crystallised acid, but tbe formulae of the common borates cannot be 
made to accord with this view. The only orthohorate yet obtained is 

character of boron oxide (B2O3) is so feeble as compared 
with that of such anhydrides as SO3 and P3O5, that boron oxide can 
even behave as a feeble base towards these powerful acid oxides, form- 
ing salts such as B3O3.P2O5. 

84. Boron (B = ii parts by weight). — It was in the. year 1808 that 
Gay-Lussac and Th4nard succeeded, by fusing boric anhydride with 
potassium, in isolating horon. The element is more easily prepared by 
fusing magnesium with an excess of boric acid and treating the product 
successively with alkalies and acids. The amorphous horon thus 
obtained is a maroon-coloured powder of sp, gr. 2.45. It burns with 
a green flame at 700° C., and is a very poor conductor of electricity; 
a very high temperature is required to fuse it. This form of horon is 
attacked by hot concentrated mineral acids. 

The so-called diamond of horon, which is obtained by very strongly 
heating amorphous boron with aluminium, and afterwards extracting 
the aluminium from the mass with hydrochloric acid, contains alumi- 
nium and carbon combined with boron. These crystals are brilliant 
transparent octahedra (sp. gr. 2.68), which are sometimes nearly 
colourless, and resemble the diamond in their power of refracting light, 
and in then- hardness, which is so great that they will scratch rubies, 
and will even wear away the sui’face of the diamond.! This form of 
boron cannot be attacked by any acid, but is dissolved by fused alkalies. 
It only undergoes superficial conversion into boric anhydride when 
heated to whiteness in oxygen. 

' Boron burns when heated at 410° in chlorine, forming boron tri- 
chloride. It forms a compound with hydrogen which has never 
been obtained free from admixed hydrogen, but probably has the 
formula BII3; compound is an inflammable gas, burning with a 
green flame, and is obtained by heating fused boric anhydride with 
magnesium and treating the mass with hydrochloric acid. Boron shows 
greater disposition to combine with nitrogen than is manifested by 
silicon. It absorbs nitrogen readily when heated to redness, forming a 
white infusible, insoluble powder, the horon nitride (BN). 

85. The elements carbon, boron, and silicon possess many properties 
in common. They are all capable of existing in the amorphous and 
the crystalline forms ; all exhibit a want of disposition to dissolve ; 
all form feeble acid oxides by direct union with oxygen, for which 
the order of their affinity is boron, silicon, carbon; and all unite 
with several of the metals to form compounds which resemble each 
other. Bpron and silicon are capable of direct union with nitrogen, 
and so is carbon if an alkali be present. Recent researches attribute 
to silicon the power of occupying the place of carbon in some 
organic compounds, and the formulse of leucone and silicone (ShHjO, 
and SigHgO^) strongly remind us of the organic compounds of carbon 
with hydrogen and oxygen. In many of its physical and chemical 

* A tribasic acid is one which contains three atoms of hydrogen replaceable by metals. 

t The author has known them to cut through the bottom of the beaker-glass used in 
separating them from the aluminium. 
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characters silicon is closely allied with the metals, ‘and it will be found 
that tin and titanium bear a particular resemblance to it in their 
chemical relations. 

Notwithstanding these points of similarity between boron,- carbon, 
and silicon, boron is not regarded as belonging to the family of elements 
which includes carbon and silicon, because whilst C and Si are tetra- 
valent elements, boron is trivalent, and must, therefore, be classed with 
nitrogen and phosphorus. 


NITROGEN. 

N=I4 parts by weight =r volume. 14 grains =46. 7 cub. in. at 60° P. and 
- 30" Bar. 14 grammes = 1 1. r6 litres at 0° C. and 760 mm. Bar. 

86. This element, which has already been referred to as forming four- 
fifths of the volume of air, is elsewhere found in nature in the forms of 
saltpetre or potassium nitrate (KNO3), and Chili saltpetre or sodium 
nitrate (NaNO^). It also occurs as ammonia (NHj) in the atmosphere 
and in the gaseous einanations from volcanoes. It is contained in the 
greater number of animal, and in many vegetable, substances, and 
therefore has a most important share in the chemical phenomena 
of life, a subject which will be further 
discussed under the Chemistry of Vege- 
tation. 

Nitrogen is generally obtained by burn- 
ing phosphorus in a portion of air confined 
over water (fig. 129). The phosphorus is 
floated on the water in a small porcelain 
dish, kindled, and covered with a bell-jar. 

The nitrogen remains mixed with clouds 
of phosphoric anhydride (PjOs)? which 
may be removed by allowing the gas to 

stand over water, 100 vols. of which 

dissolve only 1.4 vols. of nitrogen at the Fig. 129.— Preparation of nitrogen, 
ordinary temperature. 

When nitrogen is required in larger quantity, it is more conveniently 
prepared by passing air from a gas-holder over metallic copper heated 
to redness in a tube. If the air be passed through solution of ammonia 
before passing over the heated copper, a short length of copper will 
suffice, since the oxide formed ■will be reduced by the ammonia; 

30u0 -f 2NH3 = OU3 -b 3H3O -h N3. 

Nitrogen is also prepared by boiling a solution of ammonium niti’ite 
(or mixed solutions of potassium nitrite and ammonium chloride) ; 
RH,N03=2H30 + N3. 

The remarkable chemical inactivity of free nitrogen has been alluded 
to in the chemistry of atmospheric air. It has been seen, however, to 
he capable of combining directly with boron and silicon, and magnesium 
*ud. titanium unite with it even more readily at a high temperature. 
It is conspicuous among the elements for forming, with hy^ogen, a 
powerful alkali (ammonia, NII3), whilst the feeble chemical ties which 
hold it in combination Avith other elements, joined to its character of a 
permanent gas, render many of its compounds very unstable and 
•explosive, as is the case "with the so-called chloride and ' iodide of 
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nitrogen, gun-cotton, the fulminates of silver and mercury, nitro- 
glycerin, &c. 

The discovery of nitrogen was made in 1772, by Kutherford (Pro- 
fessor of Botany in the University of Edinburgh), who was_ led to it by 
the observation that respired air was still unfit to support life when all 
the carbonic acid had been absorbed from it by a caustic alkali. Hence 
the name azote priv., and life), formally bestowed upon this gas, 

Nitrogen becomes a colourless liquid at — 193° C., the temperature at 
which it boils under atmospheric pressure. Its critical temperature is 
- 140° 0 . When rapidly evaporated a portion of the liquid nitrogen 
freezes to a colourless solid. 

Since oxygen boils at - 182° C., the cooling of am to - 193° 0 . will 
liquefy it as a whole. Liquid air is pale blue ; when exposed to atmo- 
spheric temperature and pressui’e the nitrogen boils away from it faster 
than the oxygen. 


Ammonia. 

NH3= 17 parts by weight = 2 volumes. 

87. Ammonia belongs to organic rather than to inorganic nature. It 
is generally a post-mortem product. Dead animal and vegetable matters 
yield it in putrefaction. Bones furnish it by destructive distillation; so 
does coal, the fossilised plant. Its compounds are found in beds of 
guano (the excrement of sea-fowl), and the most important of them, ' 
sal ammoniac, was first made in Egypt from the dung of camels. Its 
mineral sources are chiefly volcanic ; ammonium sulphate is found in 
Tuscan boric acid (p. 128), and occurs as mascagnine in the form of an 
efflorescence on recent lavas. It may be produced by the combination 
of nitrogen with hydrogen, induced by electric discharge, but its 
formation soon stops unless it be absoi’bed by an acid as fast as it is 
produced, because when 6 per cent, of the mixed gases has become 
converted into ammonia the compound begins to be decomposed by 
the electric sparks. 

The proportion of ammonia existing in atmospheric air is so small 
that it is difficult to determine it with precision ; it appears, however, 
not to exceed 5 mgrms. in a cubic metre, for although ammonia is 
constantly sent forth into the air by the putrefaction of animal and 
vegetable substances containing nitrogen, it is soon absorbed by water, 
and even by earth and other porous solids. Bain-water contains from 
I to 2 parts per million of ammonia. Certain families of plants can 
utilise the uncombined nitrogen of the atmosphere as food for their 
growth, but for a large number of plants the chief supply of nitrogen 
is that contained in the ammonia, nitrates, and nitrites contained in the 
air, the soil, and the water. During the life of an animal, it restores to 
the air the nitrogen which formed part of its wasted organs, mainly as urea 
and uric acid in the urine, the nitrogen of these being eventually con- 
verted into ammonia when the excretion undergoes putrefaction. Dead 
animal and vegetable matter, when putrefying, restores its nitrogen to 
the air, chiefiy in the forms of ammonia and substances closely allied to 
it, but partly also, it is said, in the free state ; when such matter is burnt 
all the nitrogen is liberated in an uncomljined condition. Ammonia 
appears to be formed from atmospheric nitrogen by the growth of fungi 
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(wliich evolve ’ hydrogen) and by the decay of wood, Mtrogen is also 
slowly absorbed from air by sawdust mixed mth lime and by glucose 
mixed with soda ; the nitrogen being evolved as ammonia when these 
materials are afterwards heated with soda-lime. 

The liqxior ammonim, or solution of ammonia in water, which is so 
largely used in medicine and the arts, is obtained chiefly from the 
ammoniacal liquor resulting from the destructive distillation of coal for 
the manufacture of gas.^'' The ammoniacal liquor of the gasworks con- 
tains ammonia in combination with carbonic and hydrosulphuric acid. 
To recover the ammonia the liquor is heated with lime in a still ; the 
ammonia and hydrosulphuric acid ai-e thus expelled and are conducted 
into a covered tank containing sulphuric acid or hydrochloric acid, 
which absorbs the ammonia and allows the hydrosulphuric acid to 
escape through a pipe in the cover of the tank, to be burnt, or other- 
wise disposed of, in order that it may not cause a nuisance by its evil 
odour and poisonous properties. Ammonium sulphate or chloride 
^according to which acid has been used) will crystallise from the acid in 
the tank. The former is sold as a manure j the latter is generally used 
for making pure ammonia. The crystals of ammonium chloride are 
moderately heated in an iron pan to deprive them of tar, and are finally 
purified by sullimation, that is, by converting them 
into vapour and allowing this vapour to condense 
■again into the solid form. For this purpose the 
crystals are heated in a cylindrical iron vessel 
covered with an iron dome lined with fireclay. 

The ammonium chloride rises in vapour below a 
red heat, and condenses upon the dome in the 
form of the fibrous cake known in commerce as 
■sa? ammoniac. 

To obtain ammonia from this salt, an ounce of 
it is reduced to coarse powder, and rapidly mixed 
with 2 ounces of powdered quicklime. The mix- 
ture is gently heated iu a dry Florence flask (fig. 

130), and the gas being little more than half as 
heavy as air (sp. gr. o.Ko) may be collected in dry 
bottles by displacement of air, the bottles being 
•allowed to rest upon a piece of tin plate which 
is perforated for the passage of the tube. To ascertain when the bottles 
are filled, a piece of red litmus-paper may be held at some little distance 
above the mouth, when it will at once acquire a blue colour if the 
■ammonia escapes. The bottles should be closed with greased stoppers. 
The action is explained by the following equation : — 

2NH^C1 -t- CaO = CaCfi + H „0 + 2NH3. 

Ammonium Lime. Calcium Ammonia, 

chloride. chioride. 

The readiest method of obtaining gaseous ammonia for the study of its pro- 
perties consists in gently heating the strongest liquor ammonia} in a retort or 
Jlask provided with a bent tube for collecting the gas by displacement (fig. 131). 
■the gas is evolved from the solution at a very low temperature, and may be 
collected unaccompanied by steam. 

Considerable quantities of ammonia are now being recovered from the products of 
obtained from Hast furnaces (q.n.), in which, of course, it originates from the 
■uistuiation of coal. The ovens in which coke is manufactured are also furnishing ammonia , 
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Ammonia is readily distinguisted by its very characteristic sraell,.and 
its powerful alkaline action upon red litmus paper and turmeric paper. 
It is absorbed by water in greater proportion by volume than any other 
common gas, one volume of water absorbing more than 700 volumes of 
ammonia at the ordinary temperature, and becoming li volume of 
solution of ammonia. During the solution of the gas much more heat 
is evolved than corresponds with the heat of liquefaction, of the gas; 
this excess of heat can only be attributed to chemical combination ; but 
no definite comjDOund of ammonia with water has been obtained, and 
the gas gradually escapes on exposing the solution to the air. As is 
the case with all solutions of gases, the quantity of ammonia retained 
by the water is dependent upon the temperature and pressure ; the 
escape of the gas from the^ solution is attended with great production of 
cold, much heat becoming latent in the conversion of the ammonia from 
the liquid to the gaseous state. 

The rapid absorption of ammonia by water is well shown by filling a globular 
flask (fig. 132) with the gas, keeping it with its mouth downwards in a small 




capsule of mercury which is placed in a large basin. If this basin be filled with 
.water, this cannot come into contact with the ammonia until the mouth of the 
flask is raised out of the mercury, when the water will quickly enter and fill the 
flask._ The water should be coloured with reddened litmus to exhibit the alkaline 
reaction of the ammonia. 

That the amount of ammonia in solution varies with the pressure may be proved 
by filling a barometer tube, over 30 inches long, with mercury to within an inch 
of the_ top, filling it up with strong ammonia, closing the mouth of the tube, and 
inverting it with its mouth under mercury ; on removing the finger the diminished 
pressure caused by the gravitation of the column of mercury in the tube will 
cause the solution of ammonia to boil, from the escape of a large quantity of 
the gas, which will rapidly depress the mercury. If the pressure be now increased 
by gradually depressing the tube in a tall cylinder of mercury (fig. 133), the water 
will again absorb the ammoniacal gas. 

To exhibit the easy expulsion of the ammoniacal gas from water by heat, a 
moderately thick glass tube, about 12 inches long and i inch in diameter, may be 
nearly filled with mercury, and then filled up udth strong solution of ammonia ; 
on closing it with the thumb, and inverting it into a vessel of mercury (fig. 134), 
the solution will, of course, rise above the mercury to the closed' end of the tube. 
By grasping this end of the tube in the hand, a considerable quantity of gas may 
be expelled, and the mercury will be depressed. If a little hot water be poured 
over the top of the tube, the latter will become filled with ammoniacal gas, which 
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•will be absorbed again, by the water when the tube is allowed to cool, the mercury 
returning to fill the tube. 

The solution of ammonia, which is an article of commerce, may be 
prepared by conducting the ,gas into water contained in a two-necked 
bottle, the second neck being connected with a tube passing into another 
bottle containing water, in which any escaping ammonia may be con- 
densed. The strength of the solution is inferred from its specific 
gravity, which is lower in proportion as the quantity of ammonia in the 
solution is greater. 


Thus, at 57° F. {14° C.}, a solution of sp. gr, 0.8844 contains 36 parts by weight 
of ammonia in 100 parts of solution {liquor ammonue fortissimus ) ; 0.9251, 20 per 
cent. ; 0.9593, per cent. {British Bharmacopceia). The specific gravity is 
ascertained by comparing the weights of equal volumes of 
water and of the solution at the same temperature. For 
this purpose a light stoppered bottle, or pycnometer, is pro- 
vided, capable of containing about two fluid ounces. This is 
thoroughly dried, and counterpoised in a balance by placing 
on the opposite pan a piece of lead, which may be cut down 
to the proper weight. The bottle is then filled with solu- 
tion of ammonia, the temperature observed with a thermo- 
meter and recorded, the stopper inserted, and the bottle 
weighed. It is then well rinsed out, filled with distilled 
water, the temperature equalised with that of the ammonia 
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Fig. 134 


by placing the bottle either in warm ox cold water, and the weight ascer- 
tained as before. The specific gravity is obtained by dividing the weight of 
the solution of ammonia by that of the water. The ammonia meter, a form of 
hydrometer {fig. 135), is a convenient instrument for rapidly ascertaining the 
specific gravity of liquids lighter than water. It consists of a hollow glass float 
with a long stem, weighted witu a bulb containing shot ox mercury, so that when 
placed in distilled water it may sink to iooo° of the scale marked on the stem, 
this number representing the specific gravity of water. When placed in a hqnid 
lighter than water, it must, of course, sink lower in order to displace more liquid 
(since solids sink until they have displaced their own weight of liquid).^ By trying 
it in liquids of known specific gravities the mark upon the scale to which it sinks 
may be made to indicate the specific gravity of the liquid. • The ammonia meter 
generally has a scale so divided that it indicates at once the percentage weight of 
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ammonia. In this country the specific gravity of a liquid is always supposed to 
be taken at 62° F. (16° 0 .). 

The common name for solution, of ammonia, spirit of har£s horn, is 
derived from the circumstance that it was originally obtained for 
medicinal purposes by distilling shavings of that material. 

When ammonia is exposed to a temperature of - 40° F. ( - 40° C.), 
or to a pressure of 6|- atmospheres at 50“ F. (10° C.), it condenses to a 
colourless liquid (sp. gr. at 0° C. = 0.63 ; b.p. - 32° 0 .), which solidifies at 
a temperature of — 103° F. ( — 75° 0 .) to a white crystalline mass. The 
comparative ease with which the gas may be liquefied has led to its appli- 
cation in Carre’s freezing apparatus (fig. 136), in which the gas generated 
by heating a concentrated solution of ammonia in a strong iron boiler 
(A) is liquefied by its own pressure in an iron receiver (B) placed in 
cold, water. When the boiler is taken off the fire and cooled in water, 
the liquefied ammonia evaporates very rapidly from the receiver back 
into the boiler, thereby producing so much cold " that a vessel of w’ater 
(0) placed in spirit of Avine contained in a cavity in the receiver, is at 



once congealed into ice. To refrigerate large spaces by means of this 
machine, 0 is filled with brine — which may be cooled below the 
freezing point of water Avithout solidifying — and Avhen this is cooled it 
is circulated through pipes in the space to be refrigerated, and returned 
to the machine. 

The liquefaction of ammonia is very easily effected by heating the ammoniated 
silver chloride (AgCl. 3NH3) in one limb of a sealed tube, the other limb of which 
is cooled in d freezing mixture. A piece of stout light green glass tube (A, fig. 137), 
about 12 inches long and ^inch in diameter, is drawn out, at about an inch from 
one end, top narrow neck. About 300 grains of silver chloride (dried at 400° F.) 
are introduped into the tube, so as to lie loosely in it. For this purpose a gutter 
of stiff paper (B) should be cut so as to slide loosely in the tube, the silver chloride 
placed upon it, and when it has been thrust into the tube (held horizontally) the 
latter should bp turned upon its axis, so that the silver chloride may fall out of 
the paper, whichmiay be then withdrawn. The tube is now drawn out to a narrow 
neck at about anunch from the other end, as in 0, and afterwards carefully bent, 
as in D, care bein^ taken that none of the chloride falls into the short limb of 
the tube, which shduld be about 4 inches long. The tube is then supported by 
a holder, so that the^ong limb may be horizontal, and is connected by a tube and 
cork with an apparatus delivering dry ammonia, prepared by heating 1000 grains 

Seventeen grams of ammonia absorb 4400 gram units of heat in vaporising. 


COMBUSTION OF AMMONIA. 


137 


of sal ammoniac witli an equal weight of quicklime in a flask, and passing the gasj 
first into an empty beetle (A, fig. 138) standing in cold water, and afterwards 
through a bottle (B) filled with lumps of quicklime to absorb all aqueous vapour. 
The long limb of the tube must be surrounded with filtering paper, which is kept 
wet with cold water. The current of ammonia should be continued at a moderate 
rate, until the tube and its contents no longer increase in weight, which will 
occupy about three hours — about 35 grains of ammonia being absorbed. The 
longer limb is sealed by the blowpipe flame whilst the gas is still passing, and 
then, as quickly as possible, the shorter limb, keeping that part of the tube which 
is occupied by the ammoniated silver chloride still surrounded by wet paper. 



Fig. 138. 

When the shorter limb of this tube is cooled (fig. 139), in a mixture of ice and 
salt (or of 8 ounces of sodium sulphate and 4 measured ounces of common hydro- 
•ohloric acid), whilst the longer limb is gently heated from end to end by waving a 
spirit-flame beneath it, the ammonia evolved by the heat from the ammoniated 
silver chloride, which partly fuses, will con- 
dense into a beautifully clear liquid in the cold 
limb, W^hen this is withdrawn from the freez- 
ing mixture, and the tube allowed to cool, the 
liquid ammonia will boil and gradually dis- 
appear entirely, the gas being again absorbed 
by the silver chloride, so that the tube is ready 
to be used again. 

A small quantity of liquefied ammonia may be 
more conveniently obtained by means of a tube 

prepared as above, but containing about twelve Pig. 139. Liquefaction of 

inches of fragments of well-dried wood char- ammonia, 

coal saturated with dry ammonia gas. The 

shorter limb of the tube should be drawn out to a long narrow point before 
sealing. This limb being immersed in the freezing mixture, the other is placed 
in a long test-tube containing water, which is heated to boiling. The ammonia 
soon returns to the charcoal when the tube cools. 

Liquefied ammonia dissolves potassium and sodium to a blue solution contain- 
ing the compounds KHaN'NHjli; and NaHjN'NHaNa ; iodine, sulphur, and phos- 
phorus are also dissolved by it. 

Ammonia is feebly combustible in atmospberic air, as may be seen by 
bolding a taper just within the mouth of an inverted bottle of the gas, 
which burns -with a peculiar livid flickering light around the flame, but 
will not continue to burn when the flame is removed, because the tem- 
perature produced by such a feeble combustion of the hydrogen in aii- 
is not high enough to continue the decomposition of the ammonia. 
During its combustion the hydrogen is converted into water, and the 
nitrogen set free. In oxygen, however, ammonia bums vdth a con- 
tinuous flame. 

This is very well shown by surrounding a tube delivering a stream of ammonia 



DECOMPOSITION OF AMMONIA. 


138 

(obtained by heating strong solution of ammonia in a retort) with a much wider 
tube open at both ends (lig, 140) through which oxygen is passed by holding a 
flexible tube from a gas-bag or gas-holder underneath it. On kindling the stream 
of ammonia it will give a steady flame of 10 to 12 inches long. 





ISAj'Aj. 


A similar experiment may be made with a smaller supply of oxygen, by lower- 
ing the tube delivering ammonia into a bottle or jar of oxj'gen, and applying a 
light to it just as it enters the mouth of the jar {fig. 141). 

The elements of ammonia are easily separated from each other by 
passing the gas through a red-hot tube, or still more readily by ex- 
posing it to the action of the high temperature of the electric spark, 
when the volume of the gas rapidly increases until 
it is doubled, 2 volumes of ammonia being decom- 
posed into I volume of nitrogen and 3 volumes of 
hydrogen, showing that the molecule of ammonia 
must contain atoms of IST and H in the proportion 
of I : 3 (p. 8). 

For this experiment, a measured volume of ammonia gas 
is confined over mercury (fig. 142), in a tube through which 
platinum wires are sealed for the passage of the spark from 
an induction-coil. The volume of the 
gas is doubled in a few minutes, and if 
the tube be furnished with a stop-cock 
(A), the presence of free hydrogen may 
be shown by filling the open limb with 
mercury and kindling the gas as it 
issues from the jet. The decomposi- 
tion ceases when only about 3 per cent, 
of ammonia remains (p. 132J. 

As might be expected from its- 
powerfully alkaline character, am- 
monia exhibits a strong attraction 
for acids, which it neutralises per- 
fectly. If a bottle of ammonia 
gas, closed with a glass plate, be inverted over a similar bottle of hydro- 
chloric acid gas, and the glass plates withdrawn (fig. 143), the gases will 
combine,-^ with disengagement of much heat, forming a white solid, 
ammonium chloride (NH^Ol), in which the acid and alkali have neu- 
tralised each other. Again, if ammonia be added to diluted sulphuric 

* Unless they le Perfectly dry. 
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acid, the latter will be entirely neuti’alised, and by evaporating the 
solution, crystals of ammonium sulphate, (NII^),S04, may be obtained. 

The substances thus produced by neutralising the acids with solution 
of ammonia bear a strong resemblance to the salts formed by neutralis- 
ing the same acids with solutions of potash and soda, a circumstance 
which would encourage the idea that the solution of ammonia must 
contain an alkaline hydroxide (NEl^OH), similar to KOH or NaOH. 

• Berzelius was the first to make an experiment which appeared 
strongly to favour this view. The negative pole of a galvanic battery 
was placed in contact with mercury at the bottom of a vessel contain- 
ing a strong solution of ammonia, in which the positive pole of the 
battery was immersed. Oxygen was disengaged at this pole, whilst the 
mercury in contact with the negative pole swelled to four or five times 
its original bulk, and became a soft solid mass, still preserving, how- 
ever, its metallic appearance.'*" At a very low temperature the mass 
becomes dark grey and crystalline. So far, the result of the experiment 
resembles that obtained when potassium hydroxide is decomposed under 
similar circumstances, the oxygen separating at the positive pole, and 
the potassium at the negative, where it combines with the mercury. 
Beyond this, however, the analogy doe’s not hold ; for in the latter case 
the metallic potassium can be readily separated from the mercury, 
whilst in the former, all attempts to isolate the ammonium have failed, 
for the soft solid mass resolves itself, almost immediately after its 
preparation, into mercury, ammonia (NH3), and hydrogen, one volume 
of the latter being separated for two volumes of ammonia. This would 
also tend to support the conclusion that a substance having the com- 
position NHj, + H or had united with the mercury ; and since the 
latter is not known to unite with any non-metallic substance without 
losing its metallic appearance, it would be fair to conclude that the soft 
soHd was really an amalgam of ammonium. However, the increase in the 
weight of the mercury is so slight, and the “amalgam,” whether 
obtained by this or by other methods, is so unstable, that it would 
appear safer to attribute the swelling of the mercury to a physical 
change caused by the presence of the ammonia and hydrogen gases. 
This view is supported by the observation that when the amalgam is 
subjected to pressure its volume varies nearly in the inverse I’atio of 
the pressure. It is difficult to believe that the solution of ammonia 
does really contain ammonium hydroxide (NH3 + HjO = NH^OH), when 
we find it evohdng ammonia so easily, although at 0° 0. the amount of 
ammonia dissolved approaches that required for this formula ; but it is 
equally difficult, upon any qther hypothesis, to explain the close resem- 
blance between the salts obtained by neutralising acids with this 
solution and those furnished by potash and soda. 

The ordinary mode of exhibiting the production of the so-called amah/ani of 
(immonhim consists in acting upon the ammonium chloride (NH^Cl) with sodium 
amalgam. A little pure mercury is heated in a test-tube, and a pellet of sodium 
tlrrown into it, when combination takes place with great energy. When the 
amalgam is nearly cool it may be poured into a larger tube containing a moderately 
strong solution of ammonium chloride ; the amalgam at once swells to many times 

'■ This experiment is more conveniently made with a strong solution of ammonium 
sulphate in a common plate. A. sheet of platinum connected ndth the positive polo of the 
battery (five or six Grove’s cells) is immersed in the solution, and a piece of filter-paper is 
laid upon it, on which is a globule of mercury, into which the negative polo is xdunged. 
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its former bulk, forming a soft solid substance lighter than the .water, which may 
be shaken out of the tube as a cylindrical mass, decomposing rapidly with effer- 
vescence, evolving ammonia and hydrogen, and soon recovering its original 
volume and liquid condition. 

88. Ammonia is easily expelled from its salts by an alkali, so that 
the detection of an ammonium salt is easily eifected by boiling the 
suspected substance with caustic soda, when the odour of ammonia Avill 
be perceived : NH,C 1 + ITaOH = NaCl + NH3 + H, 0 . _ 

When an ammonium salt is heated it is split up into ammonia and 
the acid from which it is formed, ammonium chloride, for example, 
becoming ammonia and hydrogen chloride, NH^Cl = hlH, -r HCl ; * 
but if these products be allowed to cool together, they combine once 
more to produce the original salt. This behaviour furnishes an 
example of the phenomenon called dissociation, which is distinguished 
from decomposition by the fact that the constituents into which a com- 
pound is dissociated by heat will recombine if they he allowed to cool 
together; the products of the decomposition of a compound, on the 
other hand, will not so recombine. 

The dissociation of ammonium chloride may be demonstrated by taking ad- 
vantage of the low specific gravity of ammonia as compared with that of hydrogen 
chloride (NH^ is 17/2 = 8.5 times, and HCl 36.5/2 = 1S.25 times heavier than 
hydrogen). On this account ammonia diffuses more rapidly than does hydrogen 
chloride. A fragment of ammonium chloride is placed in a narrow test-tube 
with a plug of asbestos at a little distance above it ; if a piece of red litmus- 
paper be placed in the tube it will be found, on heating the ammonium chloride 
and the asbestos, that the NHj, being lighter, diffuses througli the asbestos 
before the HCl does, and blues the red litmus-paper, but soon after the HCl dif- 
fuses through, and the litmus is again reddened. 

The volatility of ammonia and of the ammonium salts renders a 
solution of the gas useful as an alkali in cases, such as in analysis, 
'where the fixed alkalies, potash and soda, would be objectionable on 
account of their fixity. Ammonia finds application in making sodium 
carbonate {q.v.) and, as already explained, in freezing machines. 

Ammonia has a tendency to combine as a whole with many metallic 
salts, much as water does; a typical compound of this sort is 
CuS 0^.5!N’H3. It readily loses ammonia when heated. 

89. Formation of ammonia in the rusting of iron. — ^Although free 
nitrogen and hydrogen can only with difficult}’- be made to form 
ammonia by direct combination, this compound is produced when the 
nitrogen meets with hydrogen in the nascent state ; that is, at the in- 
stant of its liberation from a combined form. Thus, if a few iron filings 
be shaken with a little water in a bottle of air, so that they may cling 
round the sides of the bottle, and a piece of red litmus-paper be sus- 
pended between the stopper and the neck, it will b'e found to have 
assumed a blue colour in the course of a few houi's, and ammonia may 
be distinctly detected in the rust which is produced. It appears that 
the water is decomposed by the iron in the presence of the carbonic 
acid of the air and water, and that the hydrogen liberated enters at 
once into combination with the nitrogen, held in solution by the water, 
to form ammonia. 

^ 89a. For many years ammonia was the only compound of nitrogen 


Ammonium obloride does not dissociata if perfectly dry. 
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with hydrogen which Avas known. Lately, two others have been dis- 
covered— namely, a colourless gas, and hydrogen nitride 

(hydrazoio add), NjH, a volatile liquid, possessed, as its name implies, 
of the properties proper to an acid. The importance of these compounds 
resides in the light which they throw upon the theory of organic nitrogen 
compounds, and can only be appreciated when these are being discussed. 
They have as yet received no practical application, and since they are 
-prepared by the action of reducing agents on nitric acid or its deriva- 
tives, a further consideration of them will be found after the treatment 
of this subject, 

90. Prodiwtion of nitrous and nitric acids frorii ammonia. — If a few 
drops of a strong solution of ammonia be poured into a pint bottle, and 
ozonised air (from the tube for ozonising by induction, fig. 48) be passed 
into the bottle, thick white clouds will speedily be formed, consisting of 
amimonium nitrite, (NH^NOj) the nitrous acid having been produced by 
the oxidation of the ammonia at the expense of the ozonised oxygen — 

2NH3 + 03 = H „0 + NHjNO™. 


If copper filings be shaken Avith solution of ammonia in a bottle of 
air, white fumes will also be produced, together with 
a deep blue solution containing copper oxide and 
ammonium nitrite ] the act of oxidation of the copper 
appearing to have induced a simultaneous oxidation 
of the ammonia. 

A coil of thin platinum Avire made round a pencil, 
if heated to redness at the lower end and suspended 
in a flask (fig. 144) Avith a little strong ammonia at 
the bottom, will continue to glow for a great length 
of time, in consequence of the combination of the 
ammonia with the oxygen of the air taking place at 
its surface, attended with great evolution of heat. Thick white clouds- 
of ammonium nitrite are formed, and frequently red vapour of nitrous 
anhydride (NjOj) itself. A coil of thin copper wire acts in a similar 
manner. 



If a tube delivering oxygen gas be passed down to the bottom of the flask, the 
action Avill be far more energetic, the heat of the platinum rising to whiteness, 
when an explosion of the mixture of ammonia and oxygen will ens^e. After the 
explosion the action will recommence, so that the explosion will repeat itself as 
often as may be wished. It is unattended with danger if the mouth of the flask 
be pretty large.^^ By regulating the stream of oxygen, the bubbles of that gas mar 
be made to burn as they pass through the ammonia at the bottom of the flask. 

The oxidation of ammonia may also be shown by the arrangement represented 
in fig. I 4 S-, slowly passed from the glass gas-holder B, through very weatr 

ammonia in the bottle a, into a hard glass tube having a piece of red litmus- 
paper at 6 and a plug of platinised asbestos in the centre, heated by a gas-burner"; 
a piece of blue litmus-paper is placed at c, and the tube is connected with a large 
globe (d). The red litmus at & is changed to blue by the ammonia, whilst the 
blue litmus at c is reddened by the nitrous acid produced in its oxidation, and 
clouds of ammonium nitrite, accompanied by red nitrous fumes, appear in cl 
To obtain all the results in perfection, small quantities of ammonia must be suc- 
cessively introduced into a. 

(The burner represented in the figure is a Bunsen burner (p. 115), surmounted 
by a T-piece with several holes). 

When hydrogen or coal gas burns in air, small quantities of nitrous and nitric 
ucids ai’e produced, apparently by tbe oxidation of atmospheric nitrogen* 

It is advisable to surround the flask with a cylinder of coarse wire gauze. 
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In the presence of strong bases, and of porous materials to favour 
oxidation, ammonia is capable of suffering further oxidation and con- 
version into nitric acid, which acts upon the base to form a nitrate; 
thus, 2NH3 + OaO + Og = 0a(]Sr03)2 (calcium nitrate) + sH^O. 

It has already been seen that the rapid 
oxidation (combustion) of ammonia pro- 
duces nitrogen and water. 

91. This formation of nitrates from 




the formation of the natural supplies of saltpetre which are of so 
great importance to the arts.'"' 

It is brought about b3'- a micro-organism (the nitrifying organism), 
which accelerates the oxidation of the ammonia produced by the decay 
of nitrogenous organic matter in the soil. 

It would appear that at least two micro-organisms are concerned in the pro- 
duction of nitrates. The one induces the formation of nitrites from the ammonia, 
whilst the other oxidises these to nitrates. Nitrification can only occur when 
some basic substance, like calcium carbonate, is present to neutralise the acids 
produced ; being dependent on a micro-organism, it can only proceed at tempera- 
tures which are not inhibitory to the life of the organism (between 0° and 55° C.). 
Darkness favours the process. 

Compounds of Kitrogen and Oxygen, 

92. Though these elements in their pure state exhibit no attraction 
for each other, five compounds, which contain them in different propor- 
tions, have been obtained by indirect processes, viz., N, 0 , KO, ]Sro03, 

NOj, NoOg. 

When a succession of strong electric sparks from the induction-coil is 
passed through atmospheric air in a dry flask (especially if the air be 
mixed Avith oxygen), a red gas, nitric peroxide (NO„), is formed; if 
Avater be present this is absorbed and converted into nitrous and nitric 
ucids; 2N02-1-H,0 = HN02-1-HN03. 

If the experiment be made in a U-tnbe having one limb surmounted by a 
stoppered globe into which platinum wires are sealed (fig. 146), filled with Avater 
coloured with blue litmus, the latter will very soon be reddened by the acid 
formed, and the air will be found to diminish very considerably in volume, 

* The charcoal which has been used in the sewer ventilators (see p. 75) has been 
found to contain abundance of nitrates. 


. PEEPAKATION OF NITRIC ACID. 

eventually losing its power of supporting combustion, in consequence 

removal of oxygen. , . . . ^ j 

When a few inches of magnesium tape are burnt in a gas-jar of air, red 

may be perceived on looking down the jar at the close 
of the combustion, and the presence of N»Oj or NO^ 
may be shown by drawing the _ residual air through 
a mixture of potassium iodide with a little starch and 
acetic acid, when the iodine is set free and blues the 
starch. This renders it probable that the electric spark 
causes the combination of nitrogen and oxygen on 
account of its high temperature. 

When ozonised air {p. 62) is passed into water, nitric 
acid is found in solution. Rain water contains about 
one part per million of nitric acid. 

When hydrogen gas, mixed with a small 
quantity of nitrogen, is burnt, the water col- 
lected from it is found to have an anid taste 
and reaction, due to the presence of a little nitric 
acid, resulting from the combination of the 
nitrogen with the oxygen of the air under the 
influence of the intense heat of the hydrogen 
fianie. , 

Since all the compounds of nitrogen and 
oxygen are obtained, in practice, from nitric acid, 
the chemical history of that substance must pre- 
cede that of the oxides of nitrogen. 


143 

of the 
fumes 



Niteio Acid, or Hydrogen Nitrate. 

HN03=63 parts by weight=2 vols. 

93. This most important acid is obtained from saltpetre, whiob is 
found as an incrustation upon the surface of the sod in hot and dry 
climates, as in some parts of India and Peru. The salt imported into 
this country from Bengal and Oude consists of potassium nitrate 
(KNO3), whilst the Peruvian 
or Chilian saltpetre is sodium 
nitrate, or “ nitrate ” (NaNOg). 

Either of these will serve for 
the preparation of nitric acid. 

On the small scale, in the 
laboi’atoiy, niti’ic acid is pre- 
pared by distilling potassium 
nitrate with an equal weight 
of concentrated sulphuric acid. 

In order to make the experiment, 
four ounces of powdered nitre, 



Fig. 147. —Preparation of nitric acid. 


thoroughly dried, may be introduced into a stoppered retort (fig. 147) and twc 
and a half measured ounces of concentrated sulphuric acid poured upon it, Ai 
soon as the acid has soaked into the nitre, a gradually increasing heat may be 
applied by means of an Argand burner, when the acid will distil over. It must 
be preserved m_a stoppered bottle. 

When the acid has ceased distilling, the retort should be allowed to cool ano 
f m? a moderate heat for some time the saline residue 

n ill be dissolved. The solution may then be- poured into an evaporating dish 
and evaporated down to a small bulk. On allowing the concentrated solution tc 
cool, crystals of bisnlphate of potash or potassium hydrogen sulphate (KHyo 
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are deposited, a salt ■wliich is very useful in many metallurgio and analytical 
operations. 

The decomposition of potassium nitrate by an equal weight of sul- 
phuric acid is explained by the equation — 

KNO3 + H„SO, = HNO3 + KHSO^. 

It would appear at first sight that one-half of the sulphuric acid 
might be dispensed with, inasmuch as one molecule could be made to 
decompose two molecules of potassium nitrate, 2KN03-}-HjS04 = 
aHNOjd-KjSO^, but it is found that when a smaller quantity of 
sulphuric acid is employed, so high a temperature is required to effect the 
complete decomposition of the saltpetre (the first of the above equations 
then representing only the first stage of the action), that much of the 
nitric acid is decomposed ; and the normal potassium sulphate (KjSOJ, 
which would be the final result, is not nearly so easily dissolved out of 
the retort by water as is the bisulphate. 

For the preparation of large quantities of nitric acid, sodium nitrate 
is substituted for potassium nitrate, being much cheaper, and furnish- 
ing a larger proportion of nitric acid. 

For the decomposition of the sodium nitrate can be represented by the above 
equation, if Na be substituted for K, and on comparing the equations it will be 
seen that 85 parts by weight of NaNOj yield the same quantity of HNO3 as that 
yielded by loi parts by weight of KNO3. 

The sodium nitrate is introduced into an iron cylinder (A, fig. 148) and about 
five-sixths of its weight of sulphuric acid is poured upon it through a stoppered 

opening at the back. Heat is 
then applied by a furnace, into 
which the cylinders are built 
in pairs, when the nitric acid 
passes off in vapour, and is 
condensed in a series of stone- 
ware bottles (B), surrounded 
with cold water. The com- 
mercial acid is liable to con- 
tain chlorine, hydrochloric 
acid, and iodic acid (from 
sodium chloride and iodate in 
the nitrate), sulphuric acid, 
sodium sulphate, nitrogen 
oxides, and iron. It is purified 
by redistillation, the middle 
portion of the distillate being 
pure. 

Fig. 148. — Preparation of nitric acid. ' , preparation of 

nitric acid, it will be ob- 
served at tbe beginning and towards tbe end of tbe operation that the 
retort becomes filled with a red vapour. This is due to the decomposi- 
tion by heat of a portion of the colourless vapour of nitric acid, into 
water, oxygen, and nitrifc peroxide, 2HlSr03 = H^O -j- 0 4- 2]SrO„ this last 
forming the red vapour, a portion of which is absorbed by the nitric 
acid, and gives it a yellow colour {red faming nitric acid). The pure 
nitric acid is colourless, but if exposed to sunlight it becomes yellow, a 
portion suffering this decomposition. In consequence of the accumula- 
tion of the oxygen in the upper part of the bottle, the stopper is often 
forced out suddenly when the bottle is opened, and care must be taken 
that drops of this very corrosive acid be not spirted into the face. 

The . strongest nitric acid (obtained by distilling perfectly dry nitre 
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Avitb an equal weight of pure oil of vitnol. niul rn leeting the inuhllo 
portion of the acid .‘^opiiralely from iho first and last, portions, Inch 
are Roinowlmt weaker) cinit.s very (hick urey fumes when exposed (o 
damp air, because its vapour, though itself transparent, alisorbs ratei 
very readily from the air. and condenses into very minute clix.j^s of 
diluted nitric acid which compose the fumes. The weaker acids rnm- 
monlv sold in the shops do not fume, so strongly. A entenon of tlie 

jA * 1,^.1 1 ... 



1.42, and contains 67.6 per cent, of lINOj 
•A very characteristic property of nitric aciil is (hut of staining the 
skin yellow. It produces the same ctloct upon most animal and vege- 
table matters, especially if they conhiin nitrogen, i'ho applicvation of 
this in dyeing silk of a fast yellow colour may ho soon hy clipping a 
skein of white silk in warm diluted nitric acid, and afterwards im- 
mersing it in dilute ammonia, which will convert tiio yellow colour into 
a brilliant orange. When sulplmnc or hydrochloric acid is spilt upon 
the clothes, a red stain is produced, and a little aiiiinoiiia restoiv.s the 
original colour-, but nitric acid stains are yellow, and ammonia intensi- 
fies instead of remo^dng them, though it prevents the doth from being 
' eaten into holes, 

Kitric acid changes most organic colouring nintter.s to yellow, but, 
unless very concenti-ated, it merely reddens litmu.s. If sohition.s of 
indigo and litmus ai-e wai-med in .separate flasks, and a little nitric acid 
added to each, the indigo will become yellow and the litmus rod. Hero 
the indigo (CgHjNO) acquires oxygen from the nitric acid, and is con- 
verted into mdine (Cgll^NOj). 

When nitric acid is heated, it hegin.s to I)oil at 86” C,, but it casinot 
be distilled unchanged, for a con.sidei'able quantity Is decomposed into 
nitric peroxide, oxygen, and ivatei-, the two fir.st p:ussing oil' in the 
gaseous form, whilst the water remains in the retort with the nitric 
acid, which thus becomes gradually more and more diluted, until it contains 
68 per cent, of HNO3, when it pa.ssesovor unclmnged at the temporaturo 
of 248 P, (120° 0 ,). The specific gravity of this acid is 1.42; its 
composition corresponds apjjroximatoly with the hydi-ato 2IINO3.3IUO. 
If an acid weaker than this be submitted to distillation, water will pass of! 
until acid of this strength is obtained, when it distils over unchanged. 

The specific gravity of the vapour of nitric acid, at 86° 0 ., has been 
determined as 29,6 (IT = i), which is sufliciently near to half of 63 to 
warrant the formula HNO3 molecule of nitric acid (p. 44). 

The facility with ivhicli nitric acid parts with .a portion of its exj-^gon 
renders it very valuable as an oxidising agent. Oompai-atively few 
substances which are capable of forming compounds with oxygen can 
escape oxidation when treated with nitric acid, 

* It is extremely diiTicult to tain tlio IlNOa free from any oxtranoons water, ns it 
undergoes decomposition not only when vaporised at the boiling-point, but oven at 
ordinary temperatures. 
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A small piece of phosphorus dropped into a porcelain dish containing 
the strongest nitric acid (and placed at some distance to avoid danger), 
soon begins to act upon the acid, generally with such violence as to burst 
out into flame, and sometimes to shatter the dish ; the result of this 
action is phosphoric acid, the highest state of oxidation of phosphorus. 

When sulphur is heated with nitric acid, it is actually oxidised to a 
greater extent than when burnt in pure oxygen, for in this case it is 
converted into sulphurous acid gas (SO^), whilst nitric acid converts it 
into sulphuric acid, H^SO^. 

Charcoal, which is so unalterable by most chemical agents at the 
ordinary temperature, is oxidised by nitric acid. If the strongest nitric 
. acid be poured upon flnely powdered charcoal, the latter takes Are at ^ 
once. Even iodine, which is not oxidised by free oxygen, is converted 
■ into iodic acid (HIO3) by nitric acid. 

But it is especially in the case of metals that the oxidising powers of 
nitric acid are called into useful application. 

If a little black oxide of copper be heated in a test-tube with nitric 
acid, it dissolves, without evolution of gas, yielding a blue solution, 
which contains copper nitrate, 2HNO3 -f CuO = H „0 -h Cu(N03)j. 

But when nitric acid is poured upon metallic copper (copper turn- 
ings), very violent action ensues, red fumes are aljundantly evolved, 
and the metal dissolves in the form of copper nitrate, nitric oxide being 
formed, SHlsTOj + CU3 = 3Cu(N03), -1- 4HjO + 2NO. The nitric oxide 
itself is colourless, but as soon as it comes into contact with the oxygen 
of the air, it is converted into the I'ed nitric peroxide, NO -h 0 = NO„. 

A certain amount of nitric peroxide is always produced directly by the action 
of copper on nitric acid, the proportion depen&ng upon the concentration of the 
acid and the ratio of acid to copper. When excess of concentrated nitric acid 
is used the gas consists of NOj (with about 10 per cent', of N^Oj) and contains no 
NO ; on the other hand, when the acid is diluted with twice its volume of water 
nearly pure NO is evolved. The following view, although it may not represent 
the actual course of the chemical change, is useful in expounding the nature of 
the action.' Since nitric acid tends to decompose into H^O, 2N0._. and 0 , two 
molecules of the acid might be expected to oxidise one atom of copper 
Cu + 2HN03=Gu 0 + H„0 + 2N0„ ; the copper oxide would immediately react with 
another portion of the nitric acid to give copper nitrate, CuO + 2HN O3 = Cu(N 03)3 + 
H„ 0 . 'When more copper is present the N 0 „ might be expected to be reduced to 
NO, Cu + N03=0u0 + N 0 , the copper oxide dissolving as before. Since NO; re- 
acts with water to form nitrous (and nitric) acid, little would be expected in” the 
gas from a dilute nitric acid, but the proportion of NO would be expected to be 
increased, because the reduction of the NO, would be more possible when it could 
not escape from the solution as gas. 

It has been shown that nitric acid which is free from nitrous acid (always 
present in commercial samples) has a very tardy, if any, action on many metals, 
so that it would seem as if the oxidation were really effected by the nitrous acid. 
A very small quantity of this suffices to start the action, because the nitric oxide 
produced will reduce another portion of the nitric acid to nitrous acid, thus 
serving as a carrier of oxygen from the nitric acid to the metal. 

By the action of metals on nitric acid of various strengths all the reduction 
products of nitric acid — namely, the oxides of nitrogen, nitrogen, hydroxylamine, 
hyponitrous acid, and ammonia — can be obtained. It is claimed that the following 
generalisation is true. Those metals whose attraction for oxygen is feeble (those 
which do not decompose water, or only do so at a very high temperature, p. 18) 
do not reduce nitric acid to a lower state of oxidation than NO ; those metals 
which decompose water at a red heat yield all the reduction products ; whilst 
those which decompose water either at the ordinary temperature or below a red 
heat yield even hydrogen. The nature of the products varies with the state of 
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dilution, and u-itl. the tempcmlnre. Silver behaves like comber 'vith fc'd 

uiiuuiuii, I ..ii.-ir. Mfifl fliliitea \v Ih CJtliC] 


srs n^ iv r'lfo wluin dissolved in nitric acid dih.tcd with either 
?ne mrt or la parti oC water. Zinc, with i : a strength of .aetd {hot or coWl 



coinbincd with the nitric ncid in _ 'i'l • *i’^ 

produced bvthc .action of hydrogen, libcr.dcd by the solution of the metal in the 
acid just ns when zinc is dissolved in dilute fiiilphunc acid, on the nitric .ick , 

HNO,+H, = 3lEO + NH3, . . .... 

Though all the metals in common use, except gold, plat mum, and aluminium arc 
oxidised by nitric acid, they are not .all there arc two nietal.«, tin and anti- 

mony, which .are left by the acid in the 
state of insoluble oxides, which possc.«s 
acid properties and do not unite with 
nitric acid. When concentrated nitric 
acid is poured upon tin, no action is ob- 
served ; * but on adding a little water, NO» 
will be evolved in abundance, and the fin 
will be converted into a white iiowdcr, 
metastannic acid. On stirring this white 
mixture with slaked lime the smell of am- 
monia will be perceived, this gas having 
been liberated from ammonium nitrate 
by the lime. Thus tin reduces even inodc- 
Tately strong nitric acid to ammonia. 

When a solution of potassium nitrate is 
mixed with a strong solution of caustic 
potash, and heated with granulated zinc, 
ammonia is abundantly disengaged, being 
produced by the nascent hydrogen result- 
ing from the action of the zinc upon the 
caustic potash. Aluminium acts thus 
even in dilute solutions. 

Nitric acidis completely rcduccd,yield- 
ing only nitric oxide, when it is shaken 
with strong sulphuric acid and mercury. 

On this fact is based the application 
of the nitrometer (fig. 149) for estimating 
the quantity of a nitrate present in ,a 
substance. The apparatus is filled with 
mercury by opening the stop-cock .and 
pouring the metal into the open limb. 

The stop-cock having been closed, the 
right-hand limb is lowered so that the 
mercury in it may be at a lower level 
than that in the other limb. The solu- 
•tion to be tested is poured into the cup and sucked into the gradmated limb by open- 
ing the stop-cock until aU liquid has passed through, care being t.akennotto admit 
am. OR of vitriol is next sucked in, in a similar m.anner, and the closed limb is 
^°°f°”Soly shaken to mix the mercury with the solution and acid. Nitric oxide is 
rapidly evolved, imd when no more is seen to collect in the graduated tube, the 
mercury is brought to the same level in each limb, as shown in the cut, and the 
• volunm ot nitrm oxide is read by means of the graduations on the tube. The stop- 
cock has two holes bored in it, so that the apparatus may be washed out through 
the small tube beside the ■ cup. The weight of nitric acid present maj' be 
•calculated from the volume of nitric oxide measured, for 63 grams of nitric 
acid (HNO3) yield 22.32 litres of nitric oxide (NO) at 760 mm. pressure and o°C. 

i"^^ raetals in common use are attacked by nitric acid, except 
•goid, platinum, and aluminium, so that this acid is employed to dis- 

•bv*swposina^that‘th!f possibly to be oxpl.ainod 

dn^ Buch\ coLemrated add (^00“ i ^6^ '' 



Fig. 149. — Nitrometer. 
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tinguish and separate the first two metals from others of less value. The 
ordinary, ready method of ascertaining whether a trinket is made of 
gold consists in touching it with a glass stopper wetted with nitric 
acid, which leaves gold untouched, but colours base alloys blue, from 
the formation of copper nitrate. The touchstone allows this mode of 
testing to be applied with great accuracy. It consists of a species of 
black basalt, obtained chiefly from Silesia. If a piece of gold be drawn 
across its surface, a golden streak is left, which is not afiected by 
moistening with nitric acid ; whilst the streak left by brass, or any 
similar base alloy is rapidly dissolved by the acid. Experience enables 
an operator to determine, by means of the touch-stone, pretty nearly 
the amount of gold present in the alloy, comparison being made with 
the streaks left by alloys of known composition. 

Action of nitric acid upon organic sichstances. — The oxidising action 
of nitric acid upon some organic substances is so powerful as to be 
attended with inflammation ; if a little of the strongest nitric acid be 

placed in a porcelain capsule, and a few drops of 
M oil of turpentine be poured into it from a test- 

tube fixed to the end of a long stick, the tur- 
pentine takes fire with a sort of explosion. By 
T 1 \\ boiling some of the strongest acid in a test-tube 

J \a (fig. 150), the mouth of which is loosely stopped 

IJB n with a plug of raw silk or of horse-hair, the 

latter may be made to take fire and burn bril- 
liantly in the vapour of nitric acid. 

In many cases the products of the action of 
Fig. 150. nitric acid exhibit a most interesting relation to 

the substances from which they have been pro- 
duced, one or more atoms of the hydrogen of the original compound 
having been removed in the form of water by the oxygen of the nitric 
acid, whilst the spaces thus left vacant have been filled up by the nitric 
peroxide resulting from the de-oxidation of the nitric acid, producing 
what is termed a niiro-substiiution compound. A very simple example 
of this displacement of H by ISTOj is afibrded by the action of nitric acid 
upon benzene. A little concentrated nitric acid is placed in a flask, and 
benzene cautiously dropped into it ; a violent action ensues, and the acid 
becomes of a deep red colour j if the contents of the flask be now poured 
into a large vessel of water, a heavy yellow oily liquid is separated, 
having a powerful odour, like that of a bitter almond oil. This substance, 
which is used to a considerable extent in perfumery under the name of 
■ essence of Mir bane, is called nitro-henzene, and its formula, OjHj(NO,), 
at once exhibits its relation to benzene, OgHg. 

To understand the nature of this reaction the theory of radicles and 
the theory of substitution must be realised. Just as the molecules of 
most elements may be regarded as consisting of two parts, neither of 
which is capable of a separate existence, so the molecules of most 
compounds may be looked upon as composed of tAvo or more parts or 
radicles, none of which can exist alone. Water, for example, consists 
of the radicles H- and -OH, united by one “ bond ” from each, which 
bond will cause the radicle to immediately enter into a new combination 
when liberated. The acids Avhich contain oxygen, or oxy-acids, consist of 
one or more hydroxyl ( — OH) radicles and an acid radicle. Thus nitric 
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acid is NOj-OH, containing tlie acid-radicle nitroxyl (NO,) and one 

hydroxyl radicle. . , . i r 

Such radicles are capable of taking part in chemical reactions, and 0) 
being substituted for elements, as though they were themselves elements. 
Thus when the hydroxyl radicle exists in one of the reacting substances 
it may be expected to occur in one of the products, unless the leaction 
be of so drastic a character as to break up the radicles of the reacting 
substances. It follows that a large number of chemical changes (par- 
ticularly in organic chemistry) are to be explained as exchanges between 
'the radicles of compounds, in the same way that many _are^ to be 
explained as exchanges between the elementary atoms constituting the 
reacting compounds — e.g., KI -t- HOI = KOI -p HI. 

Benzene contains the radicle O^Hj, so that the reaction between 
benzene and nitric acid may be represented as an exchange of the 
O5H5 radicle of the benzene for the OH radicle of the nitric acid, the 
nitroxyl radicle having been substituted for hydrogen in the benzene, 
H- 0 ,H, + NO,-OH = NO,-CgH, -f H-OH. 

I'D is by an action of this description that nitric acid gives rise to 
gun-cotton, and other explosive substances of the same class, when 
acting upon the different varieties of woody fibre, as cotton, paper, saw- 
dust, &c. For making these, nitric acid finds its largest application.* 

94. Nitrates . — Its powerful action on bases places nitric acid among 
the strongest of the acids, though the disposition of its elements to 
■ assume the gaseous state at high temperatures, conjoined with the 
feeble attraction existing between nitrogen and oxygen, causes its salts 
to be decomposed, without exception, by heat. The nature of the 
decomposition varies with the metal contained in the nitrate. The 
nitrates of alkali metals are first converted into nitrites by the action 
of heat; thus gives KNO, and 0 ; the nitrites themselves being 

eventually decomposed, evolving nitrogen and oxygen, and leaving the 
oxide of the metal. The nitrates of copper and lead evolve nitric 
peroxide (NO,) and oxygen, the oxides being left. The nitrate of 
mercury leaves red oxide of mercury, which is decomposed at a higher 
temperature into mercury and oxygen. 

Nitric acid is a monobasic acid, because it contains only one atom of 
.hydrogen which can be replaced by a metal. It will be found that it is 
only the H of the OH radicles in an oxy-acid which can be replaced by 
metals ; the OH groups may thus be said to impart an acid character to 
a compound. Comparatively few of the nitrates are in common use; 
they will be^ mentioned under the metals of which they are the salts. 

^ The oxidising effects of nitric acid are shared to some extent by the 
nitrates. A mixture of nitrate of lead with charcoal explodes when 
sharply struck, from the sudden evolution of carbonic acid gas, produced 
by the oxidation of the carbon. If a few crystals of copper nitrate be 
sprinkled mth water and quickly wrapped up in tinfoil, the latter will, 
a ter a time, be so Holently oxidised as to emit brilliant sparks. 

ut in the case of the nitrates of alkali metals, the oxidation takes 
p ace only at a high temperature. If a little nitre be fused in an 
earthen crucible or an iron ladle, and, when it is at a red heat, some 
pon ered charcoal, and afterwards some flowers of sulphur, be thrown 


exerts tlie same kind of inflaence IE 
substitution reactions of mine acid as it exerts in the action of the acid on metals (p. 146) 
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into it, the energ}^ of the combustion will testify to the violence of the 
oxidation. In this manner the carbon is convei’ted into potassium 
carbonate (KjOOg), and the sulphur into potassium sulphate (K^SOJ. 
See Gunpowder. 

Determination of the composition of nitric acid. — A definite weight, say lo grms., 
of pure lead oxide is taken, 5 grms. of nitric acid mixed with it, and a gentle 
heat applied as long as vapour of water escapes ; Pb0 + 2HN03=H20 + Pb(N03)2. 
Say that the residue weighs 14.27 grms. ; then 

From the weight of lead oxide and nitric acid . . 15.00 grms. 

Deduct weight of lead oxide and lead nitrate . . 14'27 n 


Water which has been expelled 

0.73 


0-73 


corresponding with— ^ or 0.08 grm. H. 

The mixture of lead nitrate and excess of lead oxide is then strongly heated in 
a tube containing copper, when PblNOgl^+CUj^PbO + sCuO + N,; the nitrogen 
is collected and measured. Say that 884.7 ctib. cent, of N are obtained these 
would weigh 884.7 x xitW grm. = i,i9 grm., since 11160 c.c. of N weigh 14 
grams (p. 44). 

Hence we find, in 5 grms. of nitric acid, 1.19 grm. N, o.oS grm. H, and, by 
difference, 3.73 grms. O. Dividing these numbers by the atomic weights, 14, i, 
and 16, we obtain 0.08 atom of N, 0.08 atom of H, and 0.24 atom of 0 , or i atom 
of H to I atom of N and 3 atoms of 0 . This would give, for the molecule of 
nitric acid, HNO3, 1+14 + 48=63, a result agreeing with that obtained from 
the sp. gr. of its vapour (see page 145). 

95. Anhydrous nitric acid or mtric anhydride (N.^Oj) is obtained by gently heat- 
ing silver nitrate in a slow current of chlorine, great care being taken to exclude 
every trace of water; 2AgN03 + Cl2=2AgCl + 0 + N„05. 

It may also be obtained by adding anhydrous phosphoric acid to the strongest 
nitric acid cooled in snow and salt, and carefully distilling at as low a temperature 
as possible. The distillate separates into two layers, the lower of which is a 
compound 2N„0yH.,0, called dinitric acid; the upper layer is separated and 
cooled. 

The anhydride is condensed as a crystalline solid. It forms transparent 
colourless prisms which melt at 30° C., and boil at 47° C. By a slightly higher 
temperature it is readily decomposed ; and it has been said to decompose, even 
at the ordinary temperature, in sealed tubes which were shattered by the evolved 
gas. It is more stable in the dark. When the anhj-dride is brought in contact 
with water, much heat is evolved, and nitric acid, H^O.N^Oj, is produced. 

The specific gravity of the vapour of nitric anhydride being unknown, it is only 
a surmise that its molecule is represented by N^Oj. 

From what has been said above, it will be obvious that nitric acid may be 
regarded as water, H'OH, in which the hydrogen has been substituted by NO;, 
giving NOj'OH. The relation between the anhydride, the acid, and the nitrates 
would then be a very simple one : nitric anhydride N 0 „' 0 (N 0 .J nitric acid 
NO; ‘OH ; potassium nitrate NO./ OK. 

96. jfitrous oxide or laughing gas (N .,0 = 44 parts by weight = 2 vol- 
umes) is prepared by heating ammonium nitrate, when it is resolved 
with evolution of heat, into water and nitrous oxide; NHN03 = 
2H,0 + 1I„0. 


To obtain nitrous oxide, an ounce of ammonium nitrate may be gently heated 
in a small retort, when it melts, boils, and gradually disappears entirely in the 
forms of steam and nitrous oxide. The latter may be collected with slight loss 
over water. 

In the preparation of nitrous oxide, if the temperature be too high, the gas may 
contain nitric oxide and nitrogen ; NH^N03=N0 + N + 2H20. To purify the gas, 
it should be passed through a strong solution of ferrous sulphate, to absorb the 
nitric oxide, and afterwards through potash to absorb acid vapours. 

Nitrous oxide is colourless, but has a slight odour and a sweetish 
taste. Its characteristic anaesthetic property is well known. It accele- 
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rates the combustion of a taper like oxygen itself, and ivill even kindle 
into flame a spark at the end of a match, for it is readily decomposed 
into N. and 0 by the temperature of burning wood. When 0 is burnt 
into' CO by 2N,0, it evolves 40,400 more units of heat than when 
burnt in 0,, sho-wing that, contrary to the usual law, heat is evolved in 
the decomposition of the N^O, amounting to 20,200 units per molecule. 
Such a compound is said to be endothermic, whilst a compound like 
water which is formed with evolution of heat is called exothermic. 
Nitrous oxide can readily be distinguished from oxygen by shaking it 
with water, which absorbs, at the ordinary temperature, about three- 
fourths of its volume of the nitrous oxide. It is absorbed in larger 
q^uantity by alcohol. It is also much heavier than oxygen, its specific 
gravity being 1.53, and is liquefied by a pressure of 40 atmospheres at 
45° F. (7“ 0 .), and solidified at - 150“ F. (-102° C.). It is now sold 
in a liquid state in wrought-iron vessels for use as an ansesthetic in 
dental surgery. In small doses it has an intoxicating effect, whence its 
title of “ laughing gas.” 

The liquid nitrous oxide boils at -90° C., and possesses properties similar to 
those of liquid carbon dioxide with respect to its rapid evaporation and its critical 
temperature (36° C.) j but it may be drawn into test-tubes in a liquid state from 
the receiver. A lighted match thrown into the liquid burns with great brilliancy. 
■When mixed with carbon disulphide and evaporated'in vacuo, it produces an 
extremely low temperature, ^ 220° F. (- 140° C,). 

97. Nitric oxide (NO = 30 parts by weight = 2 volumes) is usually 
obtained by the action of copper upon diluted nitric acid (see page 146). 

300 grains (or 20 grms.) of copper turnings or clippings are introduced into a 
retort, and 3 measured ounces (or 85 c.c.) of a mixture of concentrated nitric acid 
with an equal volume of water are poured upon them. A very gentle heat may be 
applied to assist the action, and the gas may be collected over water (see fig. 85), 
which absorbs the red fumes (NO.^) formed by the union of the NO with the 
oxygen of the air contained in the retort. 


Nitric oxide is distinguished from all other gases by the production 
of a red gas, when the colourless 
niti’ic oxide is allowed to come 
in contact with uncombined oxy- 
gen, the presence of which, in 
mixtures of gases, may be readily 
detected by adding a little nitric 
oxide. The red gas consists chiefly 
of nitric peroxide (NO,) when the 
oxygen is in excess, otherwise it 
contains also some nitrous anhy- 
dride (N, 0 ,). 

The combination of nitric oxide with 
oxygen maybe exhibited by decanting 
a pint bottle of oxygen, under water, 
into atall jar filled with water coloured 
with blue litmus, and adding to it a 
pint bottle of nitric oxide (fig. 151). ■ 

fum^ are immediately produced, and on gently agitating the cylinder, 
the fumes are absorbed by the water, reddening the litmus. 'The o|-gen wdll now 

If another pint of nitric oxide b^ 
absorbed, showing that two volumes of 
SXd b^the wl'/Ii ""t oxygen, Mog nitric peroxide which i 

PTitiroif A presence of water and excess of oxygen, NO is 

entirely converted mto nitric acid; 2 N 0 -fH, 0 -{- 03 = 2 HN 03 . ^ 
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The addition of nitric oxide to atmospheric air was one of the earliest 
methods employed for removing the oxygen in order to determine .the 
composition of air; but important variations were observed in the 
results, in consequence of the occasional formation of addition 

to the NOj. 

The rough analysis of air by this method may be instructively performed with 
two similar gas cylinders, each divided into ten equal volumes. Into_ one are 
introduced five volumes of air, and into the other five volumes of nitric oxide. 

On decanting the air, under water, into the 
nitric oxide (fig. 152), the red nitric per- 
oxide will be formed and absorbed by the 
water, the ten volumes of gas shrinking to 
seven, showing that three volumes have 
been absorbed, of which one volume would 
of course represent the oxygen contained 
in the five volumes of air. 

The nitric oxide prepared by the action of 
copper on nitric acid generally contains 
nitrons oxide, and will seldom give correct 
results in the above experiment. Pure nitric 
oxide may be obtained by heating in a re- 
tort TOO grains (or 6.5 grms.) potassium 
Fig. 152. nitrate, 1000 grains (or 65 grms.) of ferrous 

sulphate, and three measured ounces (or 
85 c.c.) of diluted sulphuric acid (containing one measure of acid to three 
measures of water), which will yield above two pints (or 1133 c.c.) of gas; 
2KNO3 -f 6PeSO, + 4H.SO, = ICSO, -(- 3 Fej(SO,), + 2X0+ 4H„0. 

In all its properties nitric oxide is very different from nitrous oxide. 
It is much lighter, having almost exactly the same specific gravity as 
air, viz., 1.04, and is not dissolved to an important extent by water. It 
is more difficult to liquefy, for its critical temperature is - 93° 0. ; its 
boiling point is - 153° C. When a lighted taper is immersed in nitric 
oxide it is extinguished, although this gas contains twice as much oxy- 
gen as does nitrous oxide, which so much accelerates the combustion of a 
taper, for the elements are held together by a stronger attraction in 
the nitric oxide, so that its oxygen is not so readily available for the 
support of combustion. (The nitric oxide prepared from copper and 
nitric acid sometimes contains so much nitrous oxide that a taper 
burns in it bi’illiantly.) Even phosphorus, when just kindled, is ex- 
tinguished in nitric oxide, but when allowed to attain to full combus- 
tion in air, and, therefore, to a tempei-ature high enough to decompose 
the nitric oxide into N and 0, it burns with extreme brilliancy in the 
gas. Indeed, nitric oxide appears to be the least easy of decomposition 
of the whole series of oxides of nitrogen, which accounts for its being 
the most common result of the decomposition of the other oxides. 
Nitrous oxide itself, when passed through a red-hot tube, is partly con- 
verted into nitric oxide ; and when a taper burns in a bottle of nitrous 
oxide, the upper part of the bottle is often filled with a red gas, indica- 
ting the formation of nitric oxide, and its oxidation by the air entering 
the bottle. 

The difference in the stability of the two gases is also shown by their 
behaviour with hydrogen. A mixture of nitrous oxide with an equal 
volume of hydrogen explodes when in contact with flame, yielding steam 
and nitrogen, but a mixture of equal volumes of nitric oxide and hydro- 
gen burns quietly in air, the hydrogen not decomposing the nitric 
oxide except at the temperature of a strong electric spark. An excess 
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of hydrogen, however, is ca/pable of decomposing nitric oxide, ammonia 
and water being formed. 

If two volumes of nitric oxide be mixed with five volumes of hydrogen and the 
^as passed through a tube having a bulb filled with platinised asbestos (hg* 
the mixture issuing from the orifice of the tube will produce the red vapours by 
contact with the air, which will strongly redden blue litmus ; but if the platinised 
asbestos be heated with a spirit-lamp, the hydrogen, encouraged by the action of 
the platinum (page 141), will decom- 
pose the nitric oxide, and strongly 
alkaline vapours of ammonia' will be 
produced, restoring the blue colour 
to the reddened litmus; N0-fH5= 

NHj + HoO. It will be remembered 
that when oxygen is in excess, am- 
monia is converted, under the influence 
•of platinum, into water and nitrous 
acid (page 141). 

Nitric oxide is readily absorbed 
by ferrous salts, with which it 
forms dark brown solutions. If 
a little solution of ferrous sul- — zrTTr-: 

phate (FeSO^) be shaken in a 
•cylinder of nitric oxide closed 

with a glass plate, the gas will be immediately absoi’bed and the solution 
will become dark brown. On applying beat, the brown compound is 
■decomposed. A compound of eFeSO^ and NO has been obtained in 
•small brown crystals, which lose all their nitric oxide in vacu,o. 

When shaken with moist ferrous hydroxide, NO is I’educed to N^O 
and N. In the presence of caustic soda, sodium byponitrite (NajNjOj) 
and ammonia are also produced. By employing a large excess of soda, 
•one-fifth of the uitric oxide may be converted into the hyponiti’ite. 

98. Nitroits anhydride, (N^Og or N0.N02=76 parts by weight). — 
Ammonium nitrite is said to exist in minute quantity in rain water, 
.and nitrites are occasion- 
ally found in well-waters, 
where they have probably 
been formed by the oxi- 
dation of ammonia (page 
141). Small quantities 
•of .ammonium nitrite ap- 
pear to be formed by the 
•combustion in air of gases 
containing hydrogen, this 
•element uniting with the 
•atmospheric oxygen and 
nitrogen. 


Nitrous anhydride may 
be obtained beating 
starch with nitric acid. 



Fig. 154, — Preparation of nitrous anhydride. 

but the most convenient process consists in gently beating nitric acid 
'(sp. gr. 1.35) with an equal weight of white arsenic, and passing the gas 
first through a U-tube (fig. 154) surrounded with cold water, to condense 

* Asbestos which has been wetted with solution of platinic chloride, dried, 'and heated 
'to redness, to reduce the platinum to the metallic stat^ ’ neateu 
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undecomposed nitric acid, then thi-ough a similar tube containing calcium 
chloride, to absorb aqueous vapour, and afterwards into a U-tube sur- 
rounded with ice. Through a small tube opening into the bend of this 
U-tube, the condensed nitrous anhydride drops into a tube drawn out to 
a narrow neck, so that it may be drawn off, and sealed by the blow-pipe — 

4H]SIOj + ASjOo + 4H„0 = 4H3AsO« + 

White nreinio. Arsenic acid. 

Nitrous anhydride is also prepared by decomposing the acid nitrosyl 
sulphate (see Aqua regia) with a small quantity of water — 

2 NOHSO, + H„0 = 2H,S0, + N.Oj. 

The blue-green liquid condensed from the gas liberated in these 
reactions is a mixture of nitrogen tetroxide (nitric peroxide), and 
nitrous anhydride. It boils below the ordinary temperature giving a 
red gas which consists of equal volumes of nitric oxide and nitric 
peroxide, the proportion of the latter gradually increasing until the 
remaining liquid has the green colour and the composition of It 

thus seems that NgOj can only exist in the liquid condition. The 
liquid is readily obtained, although not quite pure, by passing nitric 
oxide into cooled liquid nitrogen tetroxide. But when equal volumes 
of NO and NOj gases are mixed, no contraction occurs, as w'ould be the 
case if combination to N0O3 took place, NO + NO, = NjOg 

2 vols 2 vols = 2 vols. 

Water at about 0° 0 . dissolves nitrous anhydride, yielding a blue 
solution, which is decomposed, as the temperature rises, into nitric acid 
which remains in the liquid, and nitric oxide which escapes mth effer- 
vescence ; sNjOj + HgO = 2HNO3 + 4NO. 

The blue solution is believed to contain nitrous acid, HNOj or 
NO.OH, I’esulting from the reaction N203-fH30 = 2HN0, ; but this 
compound has not been obtained in a pure state. A very dilute 
solution of the acid may be preserved for some time, and even distilled, 
without decomposition. 

The salts of nitrous acid, or nitrites, are interesting on account of 
their production from the nitrates by the action of heat (p. 149). 

If potassium nitrate he fused in a fireclay crucible and heated to redness, it will 
evolve bubbles of oxygen, and slowly become converted into potassium nitrite 
(KNOo). The heat may be continued until a portion removed on the end of an 
iron rod, and dissolved in water, gives a strongly alkaline solution. The fused 
mass may then be poured upon a dry stone, and, when ’cool, broken into fragments 
and preserved in a stoppered bottle. On beating a fragment of the nitrite with 
diluted sulphuric acid, red vapours will be disengaged, but these contain little 
nitrous acid, the greater part of this being decomposed by the water into nitric 
acid and nitric oxide. When nitrous acid acts upon ammonia, both compounds 
suffer decomposition, water and nitrogen being the results ; NH.. + HNO„= 
N„ + 2H„0. 

"When solutions of nitrites are heated in contact with air, they gradually absorb 
oxygen, becoming converted into nitrates. 

Nitrous acid may be regarded as a solution of NO and NOg in water 
(H20‘N,03 or HjO'NO'NOj). The former tends to combine "with 
oxygen to form NO^, and the latter tends to part with oxygen to form 
NO, so that nitrous acid 'can behave, according to circumstances, either 
jrs a reducing agent or an oxidising agent. Obviously, any compound 
capable of parting with oxygen to NO cannot obtain oxygen under the- 
same circumstances from NO^. 
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Nitrous acid reduces potassium permanganate, but oxidises ferrous sulphate. 
It will also oxidise the hydrogen of hydriodic acid (HI), thereby liberating the 
iodine * since a very small quantity of tlie latter can be detected by taking ad- 
vantac^e of its property of bluing starch, the addition of hydriodic acid (KI and 
H SO,l to nitrous acid {KNO„4-H..SO,) forms a very delicate test for the nitrous 
acid; Hr+ NO-OH=H-OH + I + NO. 

99. jVitric peroxide parts by weight (or 92 parts) = 

2 volumes). — By passing a” mixture of nitric oxide with half its volume 
of oxygen, free from every trace of moisture, into a perfectly ,dry tube 
cooled in a mixture of ice and salt, the dark red 
gas is condensed into colourless prismatic crystals 
which melt at - io°0.into a nearly colourless liquid. 

This gradually becomes yellow as the temperature 
rises, and at the ordinary temperature has a deep 
orange colour. It is very volatile, boiling at 
(22° 0.), and being converted into' a red-brown 
vapour, which was long mistaken for a permanent 
gas, on account of the great difficulty of condensing 
it when once mixed with air or oxygen. Nitric 
peroxide is also obtained, mixed with one-fourth 
of its volume of oxygen, by heating lead nitrate (fig. 155) ; Pb(N03)2 = 
PbO + aNOj-f 0 . 

The vapour of nitric peroxide is much heavier than atmosphex’ic air. 

Its specific gravity (compared with hydrogen at the same temperature) 
diminishes as the temperature rises. At 140° 0 . (284° F.) it is twenty-three times 
as heavy as hydrogen, showing its molecular weight to be 46. This variation in 
density, in conjunction with the other changes with increase of temperature, lead 
to the belief that the molecule of nitric peroxide at low temperatures (in its 
liquid state) is N„ 0 ^, and becomes dissociated intoaNO., at high temperatures. 
At 500° C. (932° Fl) the gas becomes nearly colourless, being almost entirely dis- 
sociated into NO and 0 . 

NOo is absorbed by many finely diidded metals, forming compounds called nitro- 
mctals. These are very unstable, and yield most of the reactions of NOo. Nitro- 
copper, CUjNO.,, is obtained when N 0 „ is passed over freshly reduced Cu”at 30° C. 

By mixing N; 0 , with the green liquid obtained by condensing the vapours from 
the action of HNO- on As.O. the N.,03 contained in the liquid is converted into 

naj n„0,-i-n„03=2NA- 

Its colour varies with the temperature, becoming very dark at 100° F. 
(30 C.). The smell of the vapour is very characteristic. The vapour 
supports the combustion of strongly burning charcoal or phosphorus, and 
oxidises most of the metals, potassium taking fire in it spontaneously. 
The nitric peroxide must, therefore, rank as a powerful oxidising agent, 
and it is the presence of this substance in the red fuming nitric acid 
that imparts to it higher oxidising powers than those of the colourless 
nitric acid. 

The so-called nitrous acid of commerce is really nitric acid holding 
in solution a large proportion of nitric peroxide, and is prepared by 
intioducing sulphur into the retoi’fcs containing the mixture of sodium 
nitrate and sulphuric acid employed in the preparation of the nitric acid, 

a portion of which is de -oxidised by the sulphur and converted into nitric 
peroxide. 

ater in excess immediately decomposes nitric peroxide into nitrous 
acid and nitric acid, 2NO, -t- H^O = HNO3 -h HNO„ so that the peroxide 
IS not an independent anhydi-ide. 

hen water is gradually added to liquid nitric peroxide, the liquid effervesces 



Fig. 155. — Preparation, 
of nitric peroxide. 
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from escape of nitric oxide, and becomes green, blue, and ultimately colourless ; 
3N0,, + H„0 = N0 + 2 HN 03 . If the red nitric acid of commerce be gradually 
diluted with water, it will be found to undergo similar changes, alwaj's becoming 
colourless at last. The nitric acid which has been used in a Grove’s battery has 
a green colour, from the large amount of nitric peroxide which has accumulated 
in it, in consequence of the decomposition of the acid by the hydrogen disengaged 
during the action of the battery ; H + HN 03 =H „0 + N0,„ If this green acid be 
diluted with a little water it becomes blue, and a larger quantity of water renders 
it colourless, causing the evolution of nitric oxide. Similar colours are obtained 
by passing nitric oxide into nitric acid of different degrees of concentration, 
apparently because nitric peroxide is formed and dissolved by the acid. 

When silver, mercury, and some other metals are dissolved in cold nitric acid, 
a green or blue colour is often produced, leading a novice to suspect the presence 
of-copper, the colour being really caused by the solution, in the unaltered nitric 
acid, of the nitric peroxide produced b}' the de-oxidation of another portion. 

The facility with which nitrous anhydride and nitric peroxide can 
be decomposed with formation of nitric oxide renders it probable that 
they really contain this group of elements as a radicle nitrosyl, NO. To 
express this thej' may plausibly be represented as formed on the same plan 
as that on which a molecule of water is formed. Just as in H — 0 — TI, 
the two atoms of hydrogen are linked together by the diatomic oxygen, 
so in nitrous anhydride, 0 = N — 0-N = 0, two molecules of nitric 
oxide are linked together by the atom of oxygen, whilst in nitric 
peroxide (NjOJ a molecule of NO is bound up with a molecule of NO,, 

thus, 0 = N - 0 - N;^ . If nitric anhydride be represented by 


thus, 0 = N - 0 - N;^ . If nitric anhydride be represented by 

^^N-O-N;^^, it is easy to understand the behaviour of these 

O^ ^O 

three oxides with the alkalies. Thus, by the action of nitrous anhy- 
dride on caustic potash, potassium nitrite K — 0 — N = 0, in wliich K 
replaces 0 : N - , is formed, whilst nitric anhydride gives potassium 
nitrate K — 0 - NO,, and nitric peroxide gives a mixture of both salts. 

NON 

The remaining oxide of nitrogen, N^O, may be represented as’ • 

Such formulm as the above are termed structural forvmlce, since 
they essay to represent the way in which the molecule is built up, so 
far as it is possible to represent a three-dimensional structure on one 
plane. They must be written with due regard to the atomicity of the 
elements ; thus nitrogen should always appear either as triatomic or 
pentatomic, for its atom-linking power has always one or other of these 
values. They must also be written with regard to the constitution of 
the compound — that is, the relationships which the various atoms show 
towards each other ; thus, since there is evidence that the nitrogen 
atom and two of the oxygen atoms in nitric acid behave as the radicle 
NO,, no structural formula for this acid failing to represent the N as 
directly attached to two oxygen atoms could be accepted. 

All the oxides of nitrogen are endothermic compounds, N,Og, N„0 
and NO evolving about 22,000 gram units of heat in their’ decom- 
position, whilst NgO^ and N^O^ evolve a considerably smaller quantity. 
This accounts for the indisposition of N and 0 to combine directly. 

The general principle upon which the composition of these oxides 
has been determined, is the decomposition of a measured volume of the 
gaseous oxide either by heat alone, or by burning - some oxidisable 
substance in it, and measuring and analysing the volume of the gas or 
gases produced. 
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Thus, when nitmis oxide is passed through a red-hot tube, its volume is in- 
creased by one-half, and the resulting gas is found to be a mixture 
oxygen and 2 vols. of nitrogen. This shows that the ratio of ^toms of nitrogen 
to^o^i^gen in the gas is 2 ; i. That the formula is N .,0 and not is decided by 

the specific gravity of the gas. • -u j ' .(.•4. 

Wh^en a known volume of nitric oxide is passed over a weighed quantity of red- 
hot copper and the nitrogen which passes on is collected and measured, it is 
found that for every 16 parts by weight of oxygen absorbed by the copper 
(iudo-ed from its gain of weight) ii.t6 litres of nitrogen are collected; hut this 
volume of nitrogen weighs 14 grams, (p. 44), so that the nitric oxide inust con- 
tain 0 •.N= 16; 14, or one atom of oxygen to one atom of nitrogen. That the 
formula is NO, hot N,, 0 .., follows from the specific gravity of the gas. 

The other oxides of nitrogen are similarly analysed. 

• 1 00a. Reduction products of nitric acid. — ^By the action of nascent 
hydrogen, that is, hydrogen at the moment of its liberation,’’' nitric 
acid, the most highly oxidised nitrogen compound, _ may be made to 
yield successive reduction products until the most highly hydrogenised 
nitrogen compound, ammonia, is found. The reduction may be re- 
garded as occurring in the following stages, although to realise such 
progressive steps is difficult, if not impossible, in practice. The first 
stage of the reduction will be nitrous acid, NO„‘OII-l-Il2 = NO'OE[-h 
H„ 0 . In the second stage, N-OH would be expected to be produced,, 
but this is of so unsaturated a nature, owing to the fact that only one 
of the atom-Hnking powers of the nitrogen is satisfied, that it is as. 
unable to exist as is a free atom, and immediately combines with 
another group of "the same elements, forming hyponitrous acid, 
HO'N :N’OH. The third stage of the reduction will consist in the 
introduction of hydrogen into the hyponitrous acid, whereby the 
molecule is made to yield two molecules of a compound called liyd/t'oxy- 

of the reduction will transform the hydroxylamine into ammonia. 

Hyponitrous acid, is only known in aqueous solution. Nitrous oxide 

migbt be expected to be the anhydride of this acid, N„ 0 -bH.p = H„N„ 0 .., but an 
aqueous solution of this gas does not contain hyponitrous acidi The hyponitrites 
are obtained by reducing ' solutions of the nitrates or nitrites by the nascent 
hydrogen generated when sodium amalgam is introduced into the solution". Thus,, 
a solution of sodium hyponitrite is obtained when sodium amalgam is added, 
little by little, to a strong solution of sodium nitrate, or nitrite, kept cool. But 
the only hj'ponitrite which has been obtained in a pure condition is the silver 
salt, Ag.,N,, 0 .,, which is thrown down as a yellow precipitate when silver nitrate- 
is added to the solution of sodium hyponitrite. The yellow precipitate dissolves 
in animonia and in dilute nitric acid, but is precipitated unchanged by neutralis- 
ing the solvent ; it is insoluble in acetic acid. By adding hydrochloric acid to 
the silver salt, hyponitrous acid passes into the solution and silver chloride- 
leinains undissolyed ; the solution is colourless and acid to litmus, but it will not 
liberate carbon dioxide from the alkaline carbonates ; when kept it decomposes, 
with formation^ of N „0 and H,, 0 . In acid solution potassium permanganate 
oxidises hyponitrous^ acid to nitric acid, but in alkaline solution a nitrite is- 
tormea. ihe lormation of hyponitrous acid by the reduction of nitric oxide in 
presence of water has been mentioned on p. 153 ; another reaction by which it 
IS produced will be mentioned below. J 

• NHyOH, may be obtained by the reduction of nitric acid, but 

is better prepared by passing nitric oxide through a series of flasks containing- 
tin imd strong hydrochloric acid. The hydrogen evolved from the metal and 
-.rn n Bupposcd to bo still in the condition of free atoms, and therefore 

liouW 0 1 which “Pplj-ing nascent hydrogen is to liberate it in the 

th^reb ^ ^ ^ hyplacing zinc and sulphuric acid, or merely sodium amalgam 


lamine, HO'N ; N-OH + H, = H 0 - 1 T< 




The final stage 
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acid (the evolution is generally hastened by the addition of a few drops of 
platinic chloride, the platinum of which deposits on the tin and forms a galvanic 
couple) may be regarded as converting the NO into NH.DH. The hydroxyiamine, 
being possessed of basic ijroperties, combines with the hydrochloric acid and 
remains in the solution as hydroxyiamine hydrochloride, NHjOH.HCl, together with 
stannous chloride. The tin is precipitated by the addition of H„S ; the SnS is filtered 
off and the filtrate evaporated, when the hydroxyiamine hydrochloride crystallises. 

To obtain free hydroxyiamine, the hydrochloride is dissolved in methyl alcohol 
and a solution of sodium in the same solvent is added ; sodium chloride is preci- 
pitated and is filtered off ; the filtrate is then distilled under reduced pressure, 
when methyl alcohol passes over followed by hydroxyiamine. In this process the 
sodium methoxide, CHjONa, contained in the solution of sodium in methyl 
alcohol, reacts with the hydroxyiamine hydrochloride, forming sodium chloride, 
hydroxyiamine and methyl alcohol : NH20H.HCl-^CH30Na=NH„0H-^CH30H-^ 
NaOl. Sodium hydroxide cannot be substituted for the methoxide because water 
would be one of the products, and this decomposes the hydroxyiamine. 

Hydroxyiamine crystallises in white needles, melts at 33° C. , and boils at 58° 0 . 
under 22 min. pressure, but explodes when heated to 90“ C. under ordinary pres- 
sure. It is odourless and has an alkaline reaction ; when exposed to air it deli- 
<3uesces and ultimately ev'aporates ; even in sealed tubes it slowly undergoes de- 
■comppsition. 

Hydroxyiamine and its salts are very easily oxidised to nitrous oxide and water 
so that they reduce cupric oxide in alkaline solutions to cuprous oxide 4CuO-f 
2NH„0H = 2Cu30-fNo0-f3H.0. An aqueous solution of the hydrochloride is 
used'as a photographic developer. 

The free base combines with many metallic salts in the same way that water 
and ammonia do. Its solvent properties are almost equal to those of water. 

If hydroxyiamine be regarded a.s formed on the type of water, it will 
be seen to contain the radicle NH, in ijlace of H in H’OIi. Equally 
•well it may be said to be ammonia in which one hydrogen atom has 
been replaced by OH. Before hydi'oxylamine was known, it could be 
prophesied that such a compound would be more basic than water, 
•and less basic than ammonia. For it is found that the presence of 
a.n NHj group in a compound tends to make that compound basic, 
whilst tile presence of an OH gi'oup tends to make it acid. Thus, the 
basic properties of NHjH are enfeebled by the introduction of an OH 
group. 

The acid properties of NOo'OH are stronger than those of HO'OH, 
which in their turn are stronger than those of HOH : H'OH. It 
•R’-ould thus seem that NOj is a stronger acid radicle than HO, and 
-that the two hydroxyl groups in hyponitrous acid do not compensate in 
n,cid-producing power for the absence of an oxy-nitrogeu group. 

Since there are two OH groups in hyponitrous acid, this is a dibasic 
acid, that is to say, it contains two hydrogen atoms Avhich can be 
•displaced by metals. 

Acids are classified into monohasic, dibasic, tribasic, and tetrahasic according as 
-they have one, two, three or four hydroxyl groups. Nitric acid is monobasic ; 
NOj.OH. Sulphuric acid is dibasic ; S0.3(0H)„. Phosphoric acid is tribasic ; 
POfOHlj. Silicic acid is tetrabasic ; Si(Ofi)j. 

On considering these formulae it will be apparent that since - OH is a monovalent 
radicle (NO„)‘ is a monavalent radicle, for it combines with only one OH. 
Similarly, (SO„)“ is a divalent radicle, (PO)>“ a trivalent and (Si)‘v a tetravalent 
radicle. 

Normal salts are those in which all the H of the hydroxyl is replaced by metal, 
.as for instance, in normal potassium sulphate SO./OK);, normal sodium phos- 
phate PO(ONa)3. Add salts are those in which only part of the hydrogen has 
been replaced by the metal, as, for instance, acid potassium sulphate, SO.,. OH. OK 
■diacid sodium phosphate PO(OH)3{ONa). 

In forming a normal salt from a divalent metal, like calcium, and a monobasic 
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acia like nitric acid, it is necessary to have two molerales of the acid in oi^^er to 
obtain sufficient hydrogen for the metal to replace ; thus Ca will replace the H 

from 2(N0,-0H) forming ^Q';Q>Ca. The trivalent aluminium would require 

NOo-Ov 

three molecules of nitric acid : N 0 „- 0 ^ Al. A similar process of counterbalanc- 

ing occurs when a dibasic acid forms a normal salt with a 
thus, aluminium sulphate can only be formed from 2 atoms of Al and three 
molecules of H„SOj ; 


SO, 




or AL,"*(SO,)j. 


Sane saltn are generally composed of a normal salt and a hydroxide of the 
metal, as in basic bismuth nitrate Bi (N03)j.2Bi(0H),. 

Double salts are those in which the hydrogen of the hydroxyl has been ex- 

^x^ONa* 

changed for difEererit metals, as in potassium-sodium carbonate GO ’ 


potassium-aluminium sulphate 


so,< 


OKi 

\ 


Al!« 


Equivalents of acids and bases . — ^When a metal replaces only half the hydrogen 
in water the resulting compound is a hydroxide, e.g., sodium hydroxide Na^OH ; 


calcium hydroxide Call 


OH 




OH 


both 


aluminium hydroxide Aim ^ OH. When 
'OH, Nqjj 

atoms of hydrogen are replaced from water an oxide of the metal results NaONa, 

/Ov 

orNa.O, Ga <^°'^Ca, or GaO, Alr-Q^Al, or AloO-. 

^0^ ^0/ 

When a base neutralises an acid, a salt is formed, a base being either the 
oxide or the hydroxide of a metal. Thus the three bases, potash (KOH), soda 
(NaOH), and lime (CaO) neutralise nitric acid in accordance with the equations : 

KOH + HNO3 = KNO3 -i- H .0 ; NaOH -f HNO3 = NaNOj + H „0 : 

S6 63 40 63 

CaO -f 2HNO3 = CaCNOjX -f H„ 0 . 

56 126 

From these equations ic is seen that 56 parts of KOH, 40 parts of NaOH and 
2S parts of CaO are required, respectively, to neutralise 63 parts of nitric acid. 
Consequently these proportions of these bases are equivalent to each other in 
neutralising power, and this will hold good towards other acids than nitric acid, 
thus it will be found that 112 parts of KOH are required to neutralise 98 parts of 
1 LS 0 „ and that So parts of NaOH and 56 parts of CaO will suffice for the same 
purpose, the ratio being 56 : 40 : 28, as before. 

Ilie equivalent of a base is the number of grams of it which will neutralise one 
gram-molecule^ of a monobasic acid. 

Again, if the quantity of different acids required to neutralise a given weight 
of a base be compared, the ratio between the quantities will be found to be con- 
stant for every base. Thus 63 parts of nitric acid, 49 parts of sulphuric acid, and 
323 |»rts 01 piiosphoric acid are required respectively to neutralise 56 parts by 
wcignt ol potash. These quantities of these acids are therefore equivalent to 
each other in neutralising power ; and moreover the same ratio will be found to 
hold when the acids are used to neutralise 40 parts of NaOH or 56 parts of CaO. 

The of an acid is the number of grams of it which will neutralise 

one gram molecule of potash or soda. 

* The molecular weight expressed in grams. 
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It ■will be obvious that when a table of equivalents is constructed the quantity 
of any acid which must be added to any base to form a neutral salt can be seen 
at a glance, for this quantity is the equivalent of the acid and of the base re- 
spectively. 

The hydrogen of ammonia can he replaced by potassium, sodium, and 
a fe'w other strongly electro-positive metals. Thus, by passing dry 
ammonia over gently heated sodium, sodamide, NaNH,, is formed; 
potassaniide, KNH,, is similarly prepared. These are white waxy sub- 
substances which melt (at 155° and 270° 0 . respectively) to greenish 
liquids, and partly sublime ; at a red heat they are converted into their 
elements. Water immediately decomposes them, yielding NaOH, or 
KOH, and NH 3 . 

Compounds containing the amidogen group (NH,) are called amides. 
When nitrous acid is brought in contact with an amide at the ordinary 
temperature (in aqueous solution), the amidogen group is replaced by 
the hydroxyl of the nitrous acid, and the thus removed reacts 

with the NO of the acid to form N„ and 11,0. Thus, the simplest 
amide, hydrogen amide or ammonia, reacts ■with nitrous acid to 

form hydrogen hydroxyd or water: NH„*H-l-NO‘OH = HO‘II + ]S’j-t- 
H'OH. This reaction is typical of one which is very commonly 
employed in organic chemistry for substituting OH for NH,. When 
it is applied to hydroxylamine, or hydroxyl-amide, NH^.OH, it does not 
occur on exactly the same lines — possibly because hydroxyl-hydroxyl, or 
hydrogen dioxide, HO'OH, which would be the product, is too unstable 
to be formed under the circumstances. The actual reaction between 
nitrous acid and hydroxylamine, at ordinary temperatures, may be 
represented by the equation NH,'OH + NO'OH = HOH + !N,0 + HOH. 

Since nitrous acid cannot be preserved in aqueous solution its applica- 
tion for such reactions is effected by generating it at the moment when 
it is required, by dissolving sodium nitrite in the solution to be treated, 
and adding an acid to liberate nitrous acid from the nitrite. 

In the case of a large number of amides, particularly those derived 
from organic compounds, when the aqueous solution of the amide is 
kept cool by ice, no nitrogen is evolved on the addition of nitrous acid. 
This is because the nitrogen of the amidogen and of the nitrous acid 
remain combined together to form a group, 'N : N’, in which each 
nitrogen atom is able to attach to itself a monovalent element or 
radicle. Such a nitrogen group is called a diazo-group, and compounds 
containing it are called tZias^o-compounds. To exemplify the diazo- 
reaction the following hypothetical equation for the reaction of ammonia 
on nitrous acid at a low temperature may be written ; HNH, NO’OH 
= H*N : N’OH -f HOH. The diazo-compound represented by the for- 
mula H’N : N'OH has not been obtained, but it will be seen that 
hyponitrous acid maj^ be regarded as formed on this type, HO replacing 
the hydrogen atom. A comparison of the formula for hydroxylamine 
with that for ammonia will at once lead to the conclusion that the 
reaction between nitrous acid and hydroxylamine, at a low temperature, 
should produce hyponitrous acid. This reaction can be brought about 
by mixing cold dilute solutions of hydroxylamine hydrochloride and 
sodium nitrite ; these twm compounds react with formation of sodium 
chloride and (probably) hydroxylamine nitrite, w^hich immediately passes 
into hyponitrous acid ; bj' adding acetic acid and silver nitrate the latter 
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be detected by tbe yellow 

HO-NH HCl+lsraO-NO = NaCl + HO-jISrHj,HO'IsO ; (2) IIO]sHj + 

HO-NO = HO-lSr : N-OH + HOH. The diazo-compounds which contain 
hydroxyl readily decompose when the temperature is rmsed, the 
products of the decomposition being the same as those which resum 
from the interaction of the original amide with nitrous acid at a high 
temperature. Thus, if the above experiment be conducted at a high 
temperature (above 50° 0.) nitrous oxide is rapidly evolved, and no 
hyponitrous acid can be detected in the solution. 

Syd/t'cizine,- — It has been already pointed out that radicles, like elemen- 
tary atoms, are incapable of a separate existence ; they can, however, unite 
with themselves to form separate compounds. From this point of view 
hydrogen dioxide is dihydroxyl, HO’OBl. Diamidogen, or hydrazine, 
is another case of this kind; it has as yet only been prepared 
from organic diazo-compounds. It is a colourless gas resembling 
ammonia in the pungency of its odour, its solubility in water, and its 
.strongly alkaline reaction. It has not been obtained in any quantity 
in the free state because it is always produced in presence of water, its 
•compound with which, is so stable that it is with difficulty 

dehydrated. The properties of the gas are therefore little known. 

Hydrazine hydrate is prepared from amidoacetic acid(2.?;.) H„N.CH„COOH, by 
diazotising it and -treating the diazoacetic acid, ^ CHoCOOH, with reducing 

•agents whereby it becomes hydrazoacetic acid, CHjCOOH. When this 

compound is decomposed by acids a salt of hydrazine and glyoxylio acid are 
OHjCOOH + H„SO, -h HjO = -)-CHO.COOH. By 


iormed ; 


HN" 

HN- 


distilling the hydrazine salt with lime, a treatment which might be expected to 
yield 'the free hydrazine, hydrazine hydrate is obtained as the distillate. It is a 
colourless, fuming liquid which boils at 1 19° G. ; it is almost odourless, and has 
remarkable caustic properties, corroding cork, rubber, and glass when hot, more 
rapidly than does any other alkali. It Sssolves in water and in alcohol, and forms 
two classes of colourless crystalline salts, such as N„H,.HC 1 and N„H^.2HC1. The 
latter is obtained by treating the sulphate "with barium chloride ; it melts at 
198“ C. evolving HCl and becoming NoHj.HCl, which melts at 89° C. No platino- 
■chlorides of these salts can be obtained, since the hydrazine immediately reduces 
TtOb. Hydrazine and its salts are powerful reducing agents. 

Hydrogen nitride . — ^Wken hydrazine hydrate is treated with nitrous 
•acid in a cooled solution it is converted into hydrogen nitride, 

-k NO-OH = ^>NH -h 2HOH. 

This compound is a colourless liquid (b.p. 37° 0 .), characterised by its 
explosiveness and its foul odour. It is distinguished from the other 
compounds of nitrogen ■with hydrogen by its acid properties. It dis- 
•solyes many^ metals with evolution of hydrogen and production of 
metallic oiitrides, such as AgNg. It has been sought to explain these 
■acid properties by regarding hydrogen nitride as a nitric acid deriva- 
ive, the nitrogen of which might be supposed to retain an acid bias, 
it IS noticeabl e -th at most nitrogen compounds in which the nitrogen is 
not present as NH„, or an equivalent group, have an acid character. 

nitride {azoinnde, hydrazoic acid, or hydronitrous acid) is oulv 
■obtained in small quantity by tbe above reaction. Iti most conveniLSy pre- 
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pared by the interaction between sodamide and nitrous oxide, sodium nitride, 
from which the free acid can be obtained, being produced; NH„Na + N„ 0 = 
NjNa+HoO. Sodium is gently heated in a porcelain boat contained in a com- 
bustion tube through which dry ammonia is passed ; when the metal has been 
completely converted into sodamide, a current of dry N „0 is substituted for the 
NHj, the temperature being raised to about 200° C. The sodium nitride is trans- 
ferred to a flask and distilled with dilute sulphuric acid. To the dilute solution 
of N3H which distils over, silver nitrate is added, whereby silver nitride, NjAg, is 
precipitated in a white crystalline form. This is washed and distilled with dilute 
H„SOj. A solution containing 27 per cent, of N3H is thus obtained ; it is frac- 
tionally distilled, and the first fraction is dried over calcium chloride and redis- 
tilled. The 27 per cent, solution is a slightly viscid liquid, specifically heavier 
than water ; it evolves NgH at the ordinary temperature, and the vapour gives 
thick clouds when in contact with ammonia. Most of the salts crystallise well, 
those of silver and mercurous mercury being insoluble ; they are all explosive, 
except those of the alkali metals. The acid corrodes the skin and produces 
giddiness and headache when inhaled. 


CHLOEINE. ■ 

01=35.5 parts by weight= i volume. 35.5 grs. = 46.7 cub. in. at 60° F. and 
30" Bar. 35.5 grammes = 11. 1 6 litres at 0° C. and 760 mm. Bar. 

10 1. This element is never found in the uncombined state, but is very 
abundant in the mineral world in the forms of sodium chloride (common 
salt) and potassium chloride. In these forms also it is an important con- 
stituent of the fluids of the animal body, but as it is not found in sufi&cient 
proportion in vegetable food, or in the solid parts of animal food, a 
quantity of salt must be added to these in order to form a wholesome 
diet. Sodium chloride is indispensable as a raw material for several of 
the most useful arts, such as the manufacture of soaps and glass, bleach- 
ing, &c. ; in fact, it is the source of three of the most generally useful 
chemical products — viz., chlorine, hydrochloric acid, and soda. 

About the middle of the seventeenth century, a German chemist 
named Glauber distilled some common salt with sulphuric acid, and 
obtained a strongly acid liquid to which he gave the name muriatic acid 
(from muria, brine); this was proved to be identical with the acid 
long known to the alchemist as spirit of salt (obtained by distilling salt 
with clay). The saline mass which Avas left after the experiment was 
then termed Glauber’s salt, but afterwards received its present name of 
sodium sulphate. 

It was imdoubtedly a natural inference from this experiment that 
common salt was composed of muriatic acid and soda, and that the. 
sulphuric acid had a greater attraction for the soda than the muriatic acid 
had, Avhich was therefore displaced by it. In accordance with this view, 
common salt was called muriate of soda, without further question, until 
the year 1810, when the experiments of Davy proved that it was really 
composed of the two elementary substances, chlorine and sodium, and 
must therefore be styled, as it now is, sodium chloride, and represented 
by the formula ISTaCl. It Avas further shoAvn by Dua^- that the muriatic 
acid was really composed of chlorine and hydrogen, and that it was, in 
fact, HOI, or chloride of sodium (NaOl), in which the sodium had been 
displaced by hydrogen. 

Preparaiion of chlorine . — In order to extract chlorine from common 
salt, the salt is heated with black oxide of manganese and diluted 
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sulphuric acid, when the sulphates of sodium and manganese are left in . 
solution, and chlorine escapes in the form ot gas _ 

zNaCl + MnO„ + 2H„S0^ = Na,SO^ + MnbO^ + 2H„0 + CL. 

retort and will therefore have a paler colour than the pure chlorine afterwards 
coUected. It is advisable to keep a jar filled with water standing ready on the 


Fig, 156. — ^Preparation of chlorine. 



shelf of the trough, so that any excess of chlorine may be passed into it instead! 
of being allowed to escape into the air, and cause serious inconvenience. The 
bottles of moist chlorine must always be preserved in the dark. Chlorine may 
also be conveniently prepared by gently heating 500 grains (or 30 grms.) of bin- 
oxide of manganese with 4 measured oz. (or no c.c.) of common hydrochloric 
acid ; MnO, -f- 4HCl=MnCL + 2H„0 -i- CL. Either of the above methods will furnish 
about five pints (or 2800 c.’c.) of 'chlorine. If chlorine be required free from HCl,. 
it may be passed through a strong solution of copper sulphate — 

GuSO, -i- 2HCI = GuGL + H„S04. 

On a large scale chlorine is made by heating manganese dioxide with hydro- 
chloric acid in stills built up of sandstone slabs. 

In Weldon’s manganese recovery process for the manufacture of chlorine, the- 
manganese is made to act as a carrier of oxygen from the atmosphere to the 
hydrogen of the hydrochloric acid, setting the chlorine free. For this purpose the 
chloride of manganese obtained in the above process is decomposed by lime 
MnCL+CaO = CaCL4-MnO. By mixing the MnO with more lime, and blowing air 
through the mixture, MnO„ is reproduced, and may be employed for decomposing 
a fresh quantity of HCl. In Deacon’s process, a mixture of air and hydrochloric 
acid gas is passed over hot fire-brick which has been soaked in solution of copper 
sulphate and sodium sulphate, and dried. The final result is expressed by the 
equation 2HCl-f(N^-i-0) = H„0-i-CL+N4, so that the chlorine obtained is mixed 
with twice^ its^ volume of nitrogen, which is stated, however, not to interfere 
seriously with its useful application. The action of the copper-salt has not been 
clearly explained, but it appears to depend upon the instability of the chlorides of 
copper under the influence of heat and oxygen, {PicJiiney process — see Alkali.) 

Properties of chlorine . — ^The physical and chemical properties of 
chlorine are more striking than those of any element hitherto con- 
sidered. Its colour, whence it derives its name {)^cop6s, pale, green), is 
bright greenish-yellow, its odour insupportable. It is twice and a half 
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as heavy as air (sp. gr. 2.47), and may be reduced to the liquid state by 
cooling it to -34” C. (its boHing point), or by a pressure of 8.5 
atmospheres at 12°.^ 0 . If a bottle of chlorine be held mouth downwards 
in water, its stopper removed, one-third of the chlorine decanted into a 
jar, and the rest of the gas shaken with the water 
in the bottle, the mouth of which is closed 'by the 
palm of the hand (hg. 157), the water will absorb 
about twice its volume of chlorine, producing a 
partial vacuum in the bottle, which will be held 
firmly against the hand by atmospheric pressure. 
If air be then allowed to enter, and the bottle 
again shaken so long as any absorption takes place, 
a saturated solution of chlorine (liquor chlo 7 'i, cJdoj'ine 
wMer) will be obtained. By exposing this yellow 
solution to a temperature approaching 32° F. (0° C.), 
yellow crystals of hydrate of chlorine (Cl. 411^0) are obtained, the 
liquid becoming colourless. 



Fig- 157- 


When the water in the pneumatic trough, over which chlorine is being col- 
lected, happens to be very cold, the gas is often so foggy as to be quite opaque, 
in consequence of the deposition of minute crystals of the hydrate. On stand- 
ing, the gas becomes clear, crystals of the hydrate being deposited like hoar-frost 
upon the sides of the bottle ; the gas also becomes clear when the bottles are 
slightly warmed. 

The hydrate of chlorine affords a convenient source of liquid chlorine. A 
number of bottles of saturated solution of chlorine, prepared as above, are ex- 
posed on a cold winter’s day until the hydrate has crystallised. The crystals are ' 
thrown upon a filter cooled to nearly 32“ P., allowed to drain, and rammed into a 
pretty strong tube closed at one end, about 12 inches long, and 4 an inch in 
diameter, previously cooled in ice or snow. The tube, having been nearly filled 
with the crystals, is kept surrounded with snow, whilst its upper end is gradually 
softened in the blowpipe fiame and drawn off so as to be strongly sealed. When 
this tube is immersed in water at 100° P. (38° C.), the chlorine separates from the 
water, and two layers of liquid are formed, the lower one consisting of amber- 
yellow liquid chlorine (sp. gr. 1.33), and the upper of a pale yellow aqueous 
solution of chlorine. On allowing the tube to cool again, the crystalline hydrate 
is reproduced, even at common temperatures, being more permanent under 
pressure. It may even be sublimed in a sealed tube. 

Liquid chlorine may also be obtained in a state in which it can be preserved, 
by disengaging the chlorine in a sealed tube (as in the liquefaction of ammonia) 
from about 200 grains of platinic chloride previously dried at 400° F. (205° 0.). 
The chloride is heated, with a spirit-lamp, in one limb of the tube, whilst the other 
is immersed in a freezing mixture. The face and hands of the operator should 
Le protected against the bursting of the tube. 

The critical temperature of chlorine is 146° C. 


The most characteristic, chemical feature of chlorine is its powerful 
attraction for many other elements at the ordinary temperature. 
Among the non-metals, hydrogen, bromine, iodine, sulphur, selenium, 
phosphorus, and arsenic combine spontaneously with chlorine, and 
nearly all the metals behave in the same way.* 

If a piece of dry phosphorus be placed in a deflagrating spoon, and immersed 
in a bottle of chlorine (fig. 158), it will take fire spontaneously, combining with 
the chlorine to form phosphorous chloride (POI3). A tall glass shade may be 


• The presence of moisture appears to be as essential for the combination of chlorine 
with other elements as it is for the combination of o.xygen with other elements. Thus 
sodium may be fused in ahsohitehj dri/ chlorine gas without alteration, while in ordinary 
chlorine violent combustion occurs. When the sodium is heated to redness in the dry 
gas it bums explosively. 
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placed over the bottle, which should stand in a plate containing water, so that 
the fumes may not escape into the air. 

If phosphorus he placed in a bottle of oxygen, to which a 
chlorine has been added, it wiU burst out after a minute or two into most brilliant 

°°pjwdered antimony (the metal, not the sulphide), sprinkled into a of 

chlorine (fig. 159). descends in a brilliant shower of white sparks, the antim y 
burninff in the chlorine to form antimonious chloride (SbCy. A little water 
should be placed at the bottom of the bottle to prevent^ it from being cracked, 
and the fumes should be restrained by a shade standing in water. c t, > t. 

If a flask, provided with a stop-cock (fig. 160), be filled vsdth leaves of_ JJiitc 
metal (an alloy of copper and zinc resembling gold-leaf), exhausted of air, an 



Pig. 158. 


Fig. 159. 


Fig. 160. 


screwed on to a capped jar of chlorine standing over water, it will be found, on 
opening the stopcocks so that the chlorine may enter the flask, that the metal 
burns with a red light, forming thick yellow fumes containing cupric chloride 
(CuClj) and zinc chloride (ZnCy. If a gold leaf be suspended in chlorine, it will 
not be immediately attacked, but will gradually become converted into auric 
chloride (AuOy. 

102. The most important useful applications of chlorine depend upon 
its powerful chemical attraction for hydrogen. The two gases may be 
mixed without combining, if kept in the dark ; but when the mixture 
is exposed to light, they combine to form hydrogen chloride (HOI) 
with a rapidity proportionate to the intensity of the actinic rays (or 
rays capable of inducing chemical change) in the light employed. Ex- 
posed to gas-light or ordinary diffused daylight, the hydrogen and 
chlorme combine slowly 3 but direct sunlight causes sudden combina- 
tion, attended mth explosion, resulting from the expansion which the 
hydrogen chloride formed suffers by the heat evolved in the act of 
combination (22,000 gi'am units per 36.5 grams of HCl formed). The 
light of magnesium burning in air, and some other artificial lights, also 
cause sudden combination. A temperature of about 300° C. will also 
initiate the combination. 

Two pint gas-bottles should be ground so that tbeir mouths may be fitted 
accurately to each other, and filled respectively with dry hydrogen and dry 
chlorine, both gases having been dried by passing through oil of vitriol, and 
collected, the hydrogen by upward, and the chlorine by downward, displacement 
of air. The mouths should be slightly greased before the bottles are filled with 
gas, and afterwards closed with glass plates. On placing the bottles together. 
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and removinE the plates so that the gases may come in contact (see fig._i43), the 
yellow colour of the chlorine will be permanent so long as the mixture is kept in 
the dark, but on exposure to daylight the colour will gradually disappear, the 
hydrochloric acid gas being colourless. If the bottles be now closed wi^ glass 
plates, the small quantity of gas which escapes dunng the operation will be seen 
to fume stronglv in air, a property not possessed either by hydrogen or chlorine ; 
and when the necks of the bottles are immersed in water, and the glass plates 
withdrawn, the water will gradually absorb the gas, and be forced into the 
botaes so a, to fill then., with the enoept.on 

the hydrochloric acid gas possesses 
the joint volumes of the hydrogen 
and chlorine. If the water be tinged 
with blue litmus, it will be strongly 
reddened as it enters the bottles. 

The sudden union of the gases 
with explosion may be safely ex- 
hibited in a Florence flask. The 
flask is filled with water, which is 
then poured out into a measure. 
Exactly half the water is returned 
to the flask, and its level in the latter 
carefully marked with a diamond or 
file. The flask, having been again 
filled with water, is closed with the 
thumb and inverted in the pneumatic trough, so that hydrogen may be passed 
up into it to displace one-half of the water. A short necked funnel is then 
inserted, under the water, into the neck of the flask, and chlorine rapidly de- 
canted up from a gas-bottle (fig. t6i) until the rest of the water has been 
displaced. The flask is now raised from the water and quickly closed with a 

cork (fig. 162), through which pass 
two gutta-percha-covered copper 
wires, the ends of which have been 
stripped and brought sufficiently 
near to each other to allow of the 
passage of the electric spark within 
the flask. The ends external to the 
flask are also stripped and bent 
into hooks, for convenient con- 
nexion with the conducting wires. 
The flask is placed upon the 
ground, and covered with a 
wooden box to prevent the pieces 
from flying about. On connect- 
ing the copper wires with the con* 




Fig. 162. 


ducting wires from an induction coil or an electrical machine, it will be heard, 
on passing the spark, that the mixture has violently exploded ; on raising the 
box, it will be found filled with strong fumes of hydrochloric acid, and a heap of 
small fragments of glass will represent the flask. 

A flask filled in the same way with the mixture of hydrogen and chlorine may 
he attached to the end of a long stick, and thrust out into the sunlight, when it 
explodes with great violence. 

To illustrate the direct combination of hydrogen and chlorine under the in- 
fluence of artificial light, a strong half-pint gas cylinder is half filled with 
hydrogen, over water, then filled up quickly with chlorine, also over water, closed 
with a thin plate of mica, placed mouth upwards on the table, and a piece of 
burning magnesium tape held close to the side of the cylinder ; the lightness of 
the mica plate obviates any danger. 

A mixture of H and Cl which is to be exploded by light must consist of exactly 
equal volumes, for a slight excess of either gas greatly diminishes the sensitive- 
ness of the mixture to light ; thus a mixture of 100 vols. of Cl with 100.6 vols. H 
is 3$ per cent, less sensitive than a mixture of equal volumes. 

The attraction of chlorine for hydrogen enables it to effect the de- 
composition of water. The solution of chlorine in water may be pre- 
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served in tlio dark willioui ckange; bxii wlicn exposed to lighi, it loses 
the smell of chlorine and hecoines converted into weak hydrochloric 
acid, the oxygen being liberated; 11,0 + 01, = 2 ITCM-O." The dcconv 
position takes place much more quickly at a red hojit, so that oxygen is 
obtained in abundance by passing a mixture of chlorine and steam 
through a red-hot tube. 

For this experiment a porcelain tube is employed, which is loosely filled with 
fragments of broken porcelain, to expose a large heated .surface. This tube is 
gra'dually heated to redness in a charcoal furnace (fig. 163). One end of it re- 
ceives the mixture of chlorine with steam, obtained by passing the chlonno 



evolved from hydrochloric acid and manganese dioxide in A, through a flask (B) 
of boiling water. The other end of the tube is connected with a bottle (C) con- 
taining solution of potash, to absorb any excess of chlorine and the hydrochloric 
acid formed; from this bottle the oxygen is collected over the pneumatic 
trough. 

The combination of hydrogen with chlorine may obviously bo 
regarded as the substitution of an atom of chlorine for an atom of 
hydrogen in a molecule of hydrogen, HH + ClCl = IICl + HOI, the 
atom of hydrogen substituted having been removed as HCl. Thus 
viewed it becomes typical of a large number of cases in which two 
atoms of chlorine react with a hydrogen compound, one of them bear- 
ing away a hydrogen atom in the form of hydrogen chloride whilst the 
other replaces the hydrogen thus removed. Such a substitution of 
chlorine for hydrogen is known as metahpsis, and is a very common 
reaction of chlorine with hydrocarbons ; since the formation of hydro- 
gen chloride is initiated by light it is not surprising that metalepsis is 
aided by this agency. When equal volumes of marsh gas (C5H^) and 
chlorine are mixed and exposed to sunlight the volume of the mixture 
remains unaltered, but after a time the yellow colour of the chlorine is 
no longer observed, and the gas is found to consist of equal volumes of 
methyl chloride and hydrogen chloride, -p C1„ = GIi 301 + JdOl. The 

metalepsis may be carried further by mixing methyl chloride with more 
chlorine, CH 3 CI + 01, = OH, 01, + HCl. Again OH, 01, with 01, will yield 
OHOI3, and this with 01, will yield carbon tetrachloride 
001 ^. By mixing one volume of marsh gas with its own volume of CO,, 
to prevent violent action, and adding four volumes of chlorine, an oily 


becomes hypochlorous acid (HOlO), chloric acid fHOIOa ) 
and perchlonc acid (HOIO^), particularly if the light be not very mtenee. ^ 
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mixture containing chiefly OIIOI3 and CCl^ is formed under the in* 
fluonce of daylight. 

Since water is decomposed by chlorine, it is not surprising that most 
other hydrogen compounds are attacked by it. Ammonia (NH3) is 
acted on with great violence. If a stream of ammonia gas issuing from 
a tube connected with a flask in which solution of ammonia is heated 
(see fig. 141) be passed into a bottle of chlorine, it takes fire im- 
mediately, burning with a peculiar flame, and yielding thick white 
clouds of ammonium chloride; 4NII3+ OIj = 3NH^Cl + N. A piece of 
folded filter-paper dipped in strong ammonia, and immersed in a bottle 
of chlorine, will exhibit the same effect. When the chlorine is allowed 
to act upon ammonium chloride, its operation is less violent, and one of 
the most explosive substances, nitrogen chloride, NCI3, is produced. 

Many of the compounds of hydrogen with carbon are also decomposed 
with violence by chlorine. When a piece of folded filter-paper is dipped 
into oil of turpentine (CjgHjg), and afterwards into a bottle of chlorine, 
it bursts into a red flame, liberating voluminous clouds of carbon and 
hydrochloric acid. Acetylene (CjHj) was found to explode spontaneously 
with chlorine when exposed to light (page 102). The striking decom- 
position of olefiant gas (C,IIJ by chlorine on the approach of a flame 
has already been noticed (page 104). When a lighted taper is immersed 
in pure chloiane, it is extinguished; but if a little air be present, it 
continues to burn with a small red flame, the hydrogen only of the wax 
combining with the chlorine, whilst the carbon separates in black 
smoke, mixed with the hydrochloric fumes. A mixture of chlorine 
with an equal volume of oxygen burns up much of the carbon, with a' 
very pretty effect. When chlorine is brought in contact with the flame 
of a spirit-lamp, it renders the flame luminous by causing the separation 
of solid particles of carbon (page 1 10). It has been seen, in the case of 
olefiant gas, that chlorine sometimes combines directly with the hydro- 
carbons. 

The attraction of chlorine for hydrogen enables the moist gas to act 
as an oxidising agent. Thus, if marsh gas and chlorine be mixed in the 
presence of water, and exposed to daylight, the water is decomposed, its 
hydrogen combining with the chlorine, and its oxygen with the carbon 
of the marsh gas ; CH^ + 2H,0 + Olg = 00 ^ + 8 IIC 1 . 

103. The powerful bleaching effect of chlorine upon organic colour- 
ing matters is now easily understood. If a solution of chlorine in 
water be poured into solution of indigo {^svd'phindigotic acid), the blue 
colour of the indigo is discharged, and gives place to a comparatively 
light yellow colour. The presence of water is essential to the bleaching 
of indigo by chlorine, the dry gas not affecting the colour of dry indigo. 
The indigo is first oxidised at the expense of the water and converted 
into isatin, which is then acted upon by the chlorine and converted 
by metalepsis into chlorisatin, having a brownish-yellow colour — 

{Indigo) -F 2H„0 -f- Cl^ = {Isatin) + 4HCI 

CsHjNO„ {Isatin) + CL = CsH^ClNO, {Chlorisatin) + HCl. 

Kearly aU vegetable and animal colouring matters contain carbon, 
hydrogen, nitrogen, and oxygen,' and are converted by moist chlorine 
into products of oxidation or chlorination which happen to be colour- 
less, or nearly so. 

It might be thought that, since the decomposition of water by 
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cMorine only takes place in light, chlorine would not hohavo ns an 
oxidising agent in the dark. Bleaching by chlorine can, honpvei , pi o- 
ceed in the abscence of light beciuise the colouring matter, being Y']}^ 
to combine with oxygen, exerts an attmction on the oxygon of the. 
water, sufficiently powerful to so we.akcn the union between the 31 . and 
0 as to enable the chlorine to on’ect the decomposition. 

■ That dry chlorine will not bleach may be shown by shading some oil o£ vitriol 
in a bottle of the gas and allowing it to stand for ati 
hour or two, so that the acid may remove the whole of 
the moisture. If a piece of crimson paper be dried at a 
moderate beat and suspended in the bottle while warm, 
it will remain unbleached for hours ; but a similar piece 
■of paper suspended in a bottle of moist chlorine will 
be bleached almost immediately. If ch.aractcrs be 
written on crimson paper with a wot brush, and the 
paper placed in a jar beside a bottle of chlorine (fig- 
164), it will he found on removing the .stopper that 
white characters soon make their appc.arancc on the 
red ground. 

. If a collection of coloured linen or cotton fabrics, or 
of artificial flowers, be exposed to the action of moist 
chlorine gas or of chlorine water, those which arc dyed — 
with organic colouring matters will be bleached at 
once, whilst the mineral colours will for the most part Fig. lO.j. 

remain unaltered. Green leaves immersed in chlorine 
acquire a rich autumnal brown tint, and arc eventually bleached, 
are very readily bleached by the gas. 







All flowcns 


Chlorine is very extensively employed for bleaebing linen and cotton, 
the gas acting upon the colouring matter without affecting the fibre ; 
but silk and wool present much less resistance to chemical action, and 
would be much injured by cblorine so that they are always bleached by 
sulphurous acid gas. 

Neither chlorine itself nor its solution in water can be very con- 
veniently employed for bleaching on the large scale, on account of the 
irritating effect of the gas, so that it is usual to employ it in the form 
of chloride of lime, from which it can be easily liberated as it is wanted. 

104. The explanation above given of the bleacliing effect of cliloiino 
may probably be applied also to its so-called disinfecting properties. 
The atmosphere, in particular localities, is occasionally contaminated 
with micro-organisms, some of which are known only by their injurious 
effects upon the health, their quantity being so small that they do not 
appear in the results of the analysis of such air. Since, hoiyever, these 
minute forms of life appear to be killed by the same agents which are 
usually found to decompose organic compounds, chlorine has been vei'y 
commonly employed to combat these insidious enemies to health. 

Among the offensive and unhealthy products of putrefaction of 
animal and vegetable matter, sulphuretted hydrogen, ammonia, and 
bodies similarly constituted are found. That chlorine breaks up these 
hydrogen compounds is well known, and hence its great value for 
removing the unwholesome properties of the air in badly di-ained 
houses, &c. 


105. ^he discovery of olderme, and the discussions which ensued with 
respef.c to it&-^«J^nature, contributed very largely to the advancement 
of c-iemical science>"'idLbout the year 1770, the Swedish chemist Scheele 
(wao afterwards discovered oxygen) 'first obtained chlorine by heating 
m£ nganese ore with muriatic acid. 
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The construction which Scheele put upon the result of this experiment 
was one which was consistent with the chemistry of that date. He sup- 
posed the muriatic acid to have been deprived of phlogiston, and hence 
chlorine was termed by him dephlogisticated muriatic acid. This phlo- 
giston had long been a subject of contention among philosophers, having 
been originally assumed to exist in combination with all combustible 
bodies, and to be separated from them during their combustion. To- 
wards the decline of the phlogistic theory, attempts were made to prove 
the identity of this imaginary substance with hydrogen, which shows 
how very nearly Scheele’s reasoning approached to the truth, even with 
the very imperfect light which he then possessed. Berthollet’s move- 
ment was retrograde, when, ten years afterwards, he styled chlorine oxy- 
geiiised muriatic or oxymuriatic acid; but the experiments of Gay-Lussac 
and Thenard, and more particularly those of Davy in 1811, proved de- 
cisively that hydrochloric acid was composed of chlorine and hydrogen, 
and that the effect of the black oxide of manganese in Scheele’s experi- 
ment was to remove the hydrogen in the form of water, thus setting the 
chlorine at liberty. 


Hydrochloric Acid, or Hydrogen Chloride. 

HC1=36.s parts by weight=2 volumes, 

106. This acid is found in nature among the gases emanating from 
active volcanoes, and occasionally in the spring and river waters of 
volcanic districts. For use it is always prepared artificially by the 
action of sulphuric acid upon common salt — 

NaCl + H„SO, = HCl -f NaHSO^ 

Common salt. " Hydrogen-sodium sulphate. 

— the sodium of the common salt changing places with the hydrogen of 
the sulphuric acid. 

300 grains (or 20 grms.) of common salt (previously dried in an oven) are intro- 
duced into a dry Morence flask (flg. 165), to which has been fitted, by means of 

a perforated cork, a tube bent twice 
at right angles, to allow the gas to 
be collected by downward displace- 
ment. Six fluid drachms (or 30 c.c.) 
of strong sulphuric acid are poured 
upon the salt, and, the cork having 
been inserted, the flask is very 
gently heated, in order to promote 
the disengagement of the hydro- 
chloric acid gas, which is collected 
in a perfectly dry bottle, the mouth 
of which when full, may be covered 
with a glass plate smeared with a 
little grease. While being filled, the 
bottle may be closed with a per- 
forated card. 

At a red heat the whole of the 
Fig. 165. — Preparation of hydrochloric acid gas. hydrogen in the H„SO^ can be con- 

^yertsd. into H'" ”” '' 

NojSO^-f 2HCI ; but this is never effected in piacticeX 

Common salt in powder sometimes froths to a ver^ inc 
sulphuric acid ; it is therefore often preferable to empmy 
or of fused salt, prepared by fusing the common salt ii 
pouring it on to a clean dry stone. 


iui. 2JNaui-fJa.„aUj= 

otrv'eiiient extei^^ with 
fragments of rooH salt 
1 a clay crucible,Hnd 
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A very regular supply ot liydrocliloric acid gas is obtained from oz. o£ sal 
ammoniac in lumps, and J J oz, (measured) of snlpliuric acid. 

The bottle will be known to be filled with gds by the abundant escape 
of the dense fumes which hydrochloric acid gas, itself transparent, pro- 
duces by condensing the moisture of the air; for since the gas is much 
heavier than air (sp. gr. i.2yS), it will not escape m any quantity from 
the bottle until the latter is full. The odour of the gas is very sufio- 
cating, but not nearly so irritating as that of clilorino. J ho pow erf ul 
attraction for water is one of the most important properties of liydio- 
chloric acid gas. 

If a iarof hydrochloric acid gas he closed with a glass plate and invcrlcd under 
water, it will be found on removing the plate that the gas is absorbed with great 
rapidity, the water being forced up into the bottle by the pressure of tlic external 
air in proportion as the gas is absorbed. , , . • t. n 

A Florence flask is more convenient than a pas-hottje for tins exjienmenc. it 
must he perfectly dry, and thoroughly well filled with the pas, winch may he 
allowed to escape abundantly from the mouth. The tube delivering the hydro- 
chloric acid gas must be slowly withdrawn, so that the vacancy may he fiUed by 
gas, and not by air. The flask is then closed with the thumb, and opened under 
water, which will enter it with great violence. The experiment may also 130 mauc 
as in the case of ammonia (fig. 132, see page 134). 


Hydrocliloric acid liquefies at — 35° C. and solidifies at — 1 16° C. its 
■critical temperature is 52° G. ; the sp. gr. of liquid HCl is 0.90S at 0° C. 

The liquid bydrocbloric, or muriatic acid of commerce, is a solution 
of the gas in water, and may be recognised by tlie grey fumes, intli tbo 
peculiar odour of the acid, which it evolves when e.xposecl to tlie air. 
One pint of water at a temperature'Of 40“ F. is capable of absorbing 
480 pints of hydrochloric acid gas, forming pint of tbo solution, 
having the specific gravity 1.2 1, The strength of the acid purchased 
in commerce is usually inferred from the specific gx’avity, by reference 
to tables indicating the weight of hydrochloric acid contained in solu- 
tions of different specific gravities. The strongest hydrochloric acid 
(sp. gr. 1.2 1) contains 43 per cent, by weight of the gas. At - 18° 0 . 
it deposits crystals of HC1.2Aq. The common acid has usually a bright 
yellow colour, due to the accidental presence of a little ferric chloride 

This acid is produced in enormous quantities in the alkali works, 
where common salt is decomposed by sulphuric acid in order to convert 
it into sodium sulphate, as a preliminary step to the jiroduction of 
sodium carbonate. The alkali manufacturer is com23elled to condense 
the gas, for it is found to wither up the vegetation in the neighbour- 
hood, Tor this purpose the hydrochloric acid gas is drawn ujp from the 
furnace through vertical cylinders filled with coke, over which streams 
of water are made to trickle. The water absorbs the acid, and is drawn 
off from below (see Alkali).- 


In preparing a pure solution of the acid for chemical use on a small scale, the 
gas prepared as above may be passed into a small bottle containing a very little 
water, to wash the gas, or remove any sodium sulphate which may splash over, 
ana then into a bottle about two-thirds filled with distilled ivater, the tube 
delivering the gas passing only about inch below the surface, so that the heavy 
solution of hydrochloric acid may fall to the bottom, and fresh ivater may he 
presented to the gas (fig. 166). For ordinary use, an acid of suitable strength is 
obtained bypassing the gas from 6 ounces (170 grms.) of common salt and 10 
.S’^lphuric acid into 7 (measured) ounces (or 200 c.c.l of' 
vater until its bulk has increased to 8 ounces. The bottle containing the water 
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should be surrounded with cold water, since the absorption of hydrochloric acid 
by water is attended with evolution of beat. 

Pure solution of hydrochloric acid is sometimes prepared on a large scale by 

allowing concentrated sulphuric acid 
to run into the common hydrochloric 
acid, when the gas is evolved, and is 
washed and passed into water. 

When the concentrated solution 

of hydrochloric acid is heated in 

a retoi't it evolves abundance of 

hydrochloric acid gas, rendering 

it probable that it is not a true 

chemical compound of water with 

the acid. The evolution of gas 

ceases when the remaining liquid 

contains 20 per cent, of acid (and 

has a sp. gr. of i.io). If a 

Fig. i66.--Preparation of solution of , weaker acid than this be heated, 
iiyarocnloric aciu. . _ . { 

it loses ■water until it has attained 

this strength, when it distils unchanged at 110° C.^ 

The concentrated solution forms a very convenient source from which to pro- 
cure the gas. It may be heated in a flask, and the gas dried by passing through 
a bottle filled with fragments of pumice-stone wetted with concentrated sulphuric 
acid, being collected over the mercurial trough (fig. 167). 




The avidity witli -sybich water absorbs hydrogen chloride is the 
more remarkable, because this gas can be liquefied only under a 
very high pressure, amounting at the ordinary temperature to about 
40 atmospheres. 

The liquefied hydrogen chloride has comparatively little action even 
upon those metals which decompose its aqueous solution with great 
violence ; quicklime is unafiected by it, and solid litmus dissolves in it 
with a faint purple colour, instead of the bright red imparted by the 
aqueous hydrochloric acid. Dry hydrochloric acid gas is not absorbed 
by calcium carbonate.f 

* The proportion of acid thus retained by the water varies directly with the atmo- 
spheric pressure to which it is exposed during the distillation. A hydrate HOLSHsO 
would contain 20.2 per cent. HCl. 

t The realisation of the fact that hydrochloric acid solution behaves similarly to the 
oxy-acids, led to the abandonment of the view that oxygen is the acid former, and that all 
acids must contain this element. The facts quoted with regard to the inactivity of 
anhydrous HCl seem to indicate that oxygen (as water) is, after all, essential to an acid. 
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The iniurious action of hydrochloric acid gas npon growing plants is 
probably connected with its attraction for water. If aspr.ay of fresh 
leaves is placed in a bottle of hydrochloric acid it bccoinos at once 
brown and shrivelled. One part of HCl in 25,000 of mr is fatal to plants. 

107. Ac(w7i of hjdrochhric acid npon onctafe.— Those inetnls winch 
have the strongest atti-action for oxygen Avill also generally have tlie 
strongest attraction for chlorine, so that in respect to their capability of 
decomposing hydochloric acid, they may be ranked in pretty nearly the 
same order as in their action upon water (p. iS). Since, however, the 
attraction of chlorine for the metals is generally superior^ to Uiat of 
oxygen, the metals .are more easil}’’ acted upon by hydrochloric acid than 
by water, the metal taking the place of the hydrogen, and a chlondo of 
the metal being formed. 

Even silver, which does not decompose water at any tcmpei’atnrc, is 
dissolved, though very slowlj’^, by boiling concentrated hydrochloric acid, 
the chloride of silver formed being soluble in the strong acid, though it 
may be precipitated by adding water. 

Gold and platinum, however, .are not attacked by hydrochloric^ acid ; 
but if a little free chlorine be present, it converts them into chlorides. 

Iron and zinc decompose the acid very rapidly in the cold, forming fer- 
rous chloride and zinc chloride, and liberating hydrogen ; Fo + 2IICI = 
FeC51,4-Hj. 

When potassium or sodium is exposed to hydrochloric acid gas, it 
immediately becomes coated ivith a white crust of chloride, which partly 
protects the metal from the action of the gas ; but when these metals 
are heated to fusion in hydrochloric acid gas, they burn \ividly: 
Na + H01 = NaCl + H. 

The composition of hydrogen chloride may be exhibited by confining a 
measured volume of the gas over mercury (see 
fig. 81, p. 93), and passing up a freshly cut pellet 
of sodium. On gently agitating the tube, the 
gas diminishes in volume, and after a time will 
have contracted to one-half, and will be found 
i;o have all the properties of hydrogen. This 
result confi.rms that obtained by synthesis, as 
■described above, that 2 volumes of hydrogen 
chloride contain i volume of hydrogen and i 
volume of chlorine. 


The electrolysis of hydrochloric acid is exhibited iu 
the_ apparatus represented in fig. 168. This apparatus 
is similar in construction to that used for exhibiting 
•the composition of water (p. 12), but the electrodes arc 
made of carbon, platinum being attacked by chlorine. 

Strong hydrochloric acid is poured into the bulb until 
both limbs are filled with the acid ; the stopcocks are 
left open, and the wires from the electrodes are con- 
nected with the poles of a battery composed of five 
or SIX Grove s cells. Chlorine will be evolved from the I’ig. 168. 

if connection with the platinum of the battery), 

+ha u the cathode. The chlorine must be allowed to escape until 

nllnwpH the gas ; the stopcocks may then be closed, and the gases 
+0 tViP proportion of chlorine will always be found too small, owing 

to the difficulty of saturating the acid so that it will not dissolve any more chlorine. 

108. Action of hydi-ochloric acid upon metallic oxides . — As a general 
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rule, it may be stated that, -when bydrocbloric acid acts upon the oxide 
of a metal, the results are water and a chloride of the metal, in which 
each atom of oxygen in the oxide has been displaced by 2 atoms of chlorine. 

Thus, silver oxide acted on by hydrochloric acid gas gives water and 
silver chloride ; Ag^O + 2HOI = H^O + 2 AgCl. 

Suboxide of copper (cuprous oxide) yields water and subchloride of 
copper (cuprous chloride) ; Cu ,0 + 2HOI = H^O + OujOlj. 

Eerric oxide gives water and ferric chloride; Ee20j + 6HC1 = 
3H„0 + Ee,Cl,. 

With stannic oxide, water and stannic chloride are obtained;- 
SnOj + 4HOI = 3H,0 + SnCl,. 

Antimonious oxide is converted into water and antimonious chloride ;. 

Sb^Og + 6H01 = 3H,0 + 2SbO]3. 

109. In cases where the corresponding chloride does not exist, or is 
not stable under the conditions of the experiment, a chloride is formed 
containing less chlorine than is equivalent to the oxygen in the oxide, 
and the balance is evolved in the free state. Thus, when manganese 
sesquioxide and dioxide are heated with hydrochloric acid — 

Mn.Oj + 6HC1 = 3H„0 + aMnCL + CL ; 

MnO^ + 4HCI = 2 H;o + MnCL + Oil. 

It would seem that MujOlg and MnOl^, corresponding with Mn^Oj. 
and MnO, respectively, are first formed and that these decompose into 
the stable chloride, MnOlj, and chlorine. 

Chromic anhydride, a chloride corresponding to which is not known 
to exist, when heated -with hydrochloric acid, yields chromic chloride 
and chlorine ; 20r0, + 12HCI = 6H„p + Cr^Oh + Clg. 

Most metallic oxides containing i atom of oxygen have a correspond- 
ing chloride of a stable character, but the higher oxides less frequently 
form corresponding chlorides endowed with any stability. Jiasic oxides- 
rarely evolve chlorine from hydrochloric acid. When an oxide gives off 
chlorine on boiling with hydrochloric acid it is probably a peroxide or 
an acid oxide, that is, an oxide containing more oxygen than suffices to 
form a base with the metal. Thus, the basic oxide of manganese is MnO 
which dissolves in HOI without evolution of chlorine ; but the dioxide 
MnOj, or MnO'O, contains an extra atom of oxygen which is able to 
oxidise HCl ; 2HCI + 0 = Hp + Cl„. 

109a. Types of chemical compounds. — Hydrogen chloride is the only 
compound of chlorine with hydrogen. It has been seen that oxygen 
forms two compounds with hydrogen, of which water contains the 
lai'ger proportion of hydrogen and is by far the more stable compound. 
SimOax'ly, ammonia is the most stable compound of nitrogen with 
hydrogen, and marsh gas the most stable hydrocarbon. It has also 
been seen that the composition of these four compounds is represented 
by the formulas CIH, OH,, NH, and CH^ respectively. 

If the valency of an element be defined as the maximum number of 
atoms of hydrogen with which one atom of the element can combine, 
chlorine, oxj’gen, nitrogen, and carbon are respectively mono- di- tri- and 
tetravalent elements. It will be found no atom can combine with more 
than four atoms of hydrogen. This being the case, the hydrogen com- 
poimds of aU elements must fall in one or other of the four classes of 
which hydrochloric acid, water, ammonia, and mai-sh gas are the types. 
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One of the atoms of H in each of these typical “"Jccnlcs may be oxchanged ^ 
another atom, usuahy a metal; thns, GUI pvcs Cl^a, OH. Si'cj’ 
gives NH„.Na, OH, gives GHj-Na. It is evident that the groups OH, ML, and 
CH are bn the same footing as the elementary atom Cl in CIH ; as already 
explained, each is a rndicie— that is, a ffroup capable qf M an 

element. Since each of these radicles is equivalent to Cl, which unites with one 
atom of H, and is therefore monovalent, each is a monovalent radicle. 

The elements may be roughly divided into those which form stable compounds 
with hydrogen and those which prefer to replace hydrogen; the latter class is 
approximately coincident with that which includes the elements which form basic 
oSdes (i.e., the metals), whilst the former class contains those elements which 
form acid oxides or anhydrides (i.c., the non-metals). The valency of a non- 
metal is thus fixed by the number of atoms of hydrogen inn moleciuc of its 
maximum hydrogen compound, whilst that of a metal is determined by the 
formula for its compound with Cl or with 0 . 

Thus, sulphur, whose maximum hydrogen compound is SH,^ falls under the 
oxygen type, and is divalent towards hydrogen ; phosphorus, of which PH, is the 
hydrogen compound containing the largest proportion of hydrogen, falls under 
the nitrogen type, and is trivalent. 

Again, the analysis of zinc oxide shows that the proportion of zinc to o^gen in 
this compound is represented by the formula OZn ; zinc oxide, therefore, is of the 
type OH^ one atom of the metal having been substituted for H„. Thus, Zn falls 
under the oxygen type, and is divalent, from which fact it would be possible to 
foretell the composition of its chloride ; for, since this can only be formed by the 
substitution of two atoms of H, the tj^pe CIH must be doubled, CLH-, before the 
zinc chloride can be formed ; the formula in question would then be Cl, 5 n. 

The analysis of the higher chloride of iron (two arc known) shows that the formuha 
for this chloride is FeClj, showing that the iron has substituted the H in the 
type CIH trebled, or CI3H3. From this fact the formula for the higher oxide of 
iron would be prophesied to be 03Fe. ; for, since Fe substitutes Hj, the type OIL 
must be trebled, O3H3, in order that the H may be totally replaced by the ironj 
two atoms of which will replace six of H. 

It has been already noted that the valency of nitrogen towards H is not the 
limit of the atom-fixing power of this element. It will be noted in the sequel 
that the .atom- fixing power which an element exhibits towards oxygen is generally 
greater than that exhibited towards hydrogen. 


Compounds. OF Ohlokine with Oxygen. 


no. It is worthy of notice, that whilst chlorine and hydrogen so 
readily unite, there is no method by which chlorine can be made to 
combine in a direct manner with oxygen, the compounds of these 
elements having been hitherto obtained only by indirect processes. An 
excellent illustration is thus afforded of the fact, that the more closely 
substances resemble each other in their chemical relations, the less will 
be tbeir tendency to combine; for chlorine and oxygen are both highly 
electro-negative bodies, and therefore, having both a powerful attrac- 
tion for the electro-positive hydrogen, their attraction for each other is 
of a very low order. 


four oxyacids of chlorine, 
HOlO, HOIO,, HClOg, and HCIO^, are known. 

III. Hypochlorous anhydride, or chlorine monoxide (CLO), is of some 
practical interest in connexion with cldcn-ide of lime, chloride of soda, 
and other bleaching compounds. It is prepared by passing dry chlorine 
gas over dry precipitated mercuric oxide, and condensing the product 
HgOl^+^1 ^ mixture of ice and salt; HgO-bCl^ = 

The hypochlorous anhydride is thus obtained as a dark brown liauid 
which hods at 6 0., evolving. a yellow gas twice as heavy as aip, and 
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having a very powerful and peculiar odour. This gas is remarkably 
explosive, the heat of the hand having been known to cause its separa- 
tion into its constituents, when 2 volumes of the vapour yield 2 volumes 
of chlorine and i volume of oxygen. As might be expected, most 
substances which have any attraction for oxygen or chlorine, and 
therefore raise the temperatm-e of the gas by combining with a portion 
of its oxygen or chlorine, will decompose the gas, sometimes with 
explosive violence. This instability of chlorine monoxide is only to be 
expected from the fact that it evolves heat (15,000 grm. unites for 87 
grms.) in its decomposition, and is therefore an endothermic compound, 
2,e., one which could only be formed from its elements by the absorp- 
tion of heat. It is generally true that endothermic compounds can he 
exploded hy a shock, such as that caused by a sudden rise of temperature. 
Even hydrochloric acid decomposes CljO : i volume of chlorous oxide is 
entirely decomposed by 2 volumes of hydrochloric acid, yielding water 
and chlorine ; Ol^O + 2HCI = HjO + 01 ^. Chlorous oxide is a powerful 
bleaching agent, both its chlorine and oxygen acting upon the colouring 
matter in the manner explained at page 168. 

Hypochlorous anhydride is absorbed in large quantity by water (200 
vols. in I vol.) ; the solution is supposed to contain hypochlorous acid, 
HCIO or Cl.OH, for PI^O + Cip = 2HOIO ; but HCIO has not been 
obtained in the separate state. The solution may be very readily pre- 
pared by shaking mercuric oxide with water in a bottle of chlorine as 
long as the gas is absorbed. The greater part of the mercuric chloride 
which is produced combines with the excess of oxide to form a brown 
insoluble oxychloride, HgO.HgOlj, whilst the hypochlorous acid and 
a little mercuric chloride remain in solution. A solution of the acid, 
containing calcium chloride, may also be obtained by passing Cl into 
CaCOg suspended in water ; CaCOg H^O + Cl^ = CaClg H- HCIO + COj. 
This solution is a most powerful oxidising and bleaching agent, since it 
readily decomposes into HCl and O; it erases writing ink immediately, 
and does not corrode the paper if it be carefully washed. Printing ink, 
which contains lamp black and grease, is not bleached by hypochlorous 
acid, so that this solution is very useful for removing ink stains from 
books, engravings, &c. For the same weight of Cl it is twice as effective 
as chlorine water ; 2HCIO = 2HCI + O, ; H^O + Clg = 2HCI -f O. 

The action of some metals and their oxides upon solution of hypochlorous acid 
is instructive. Iron seizes upon the oxygen, whilst the chlorine is liberated ; 
copper takes both the oxygen and chlorine; whilst silver combines with the 
chlorine, and liberates oxygen. Mercury yields, on shaking, the brown mercuric 
oxychloride. This distinguishes solution of HCIO from chlorine water. Oxide 
of lead (PbO) removes the oxygen, becoming peroxide of lead (PbO^), and 
liberating chlorine, but oxide of silver converts the chlorine into chloride of 
silver, and liberates the oxygen; Ag„0 + Cl„0=2AgCl + 0„. 

Hypochlorous acid is formed when a wmak solution of hydrogen peroxide is 
added to a large excess of chlorine water ; CL+H„0„=2HC10. With an excess of 
the peroxide, HCIO + H„0„ = HCl + HoO + Og. 

The salts of hypochlorous acid, or hypochlrndtes, are obtained in solu- 
tion by neutralising hypochlorous acid with bases, only a few of them 
are known in a pure state. They are decomposed even by carbonic 
acid, with liberation of hypochlorous acid. 

"When chloi'ine is passed into a solution of a metallic hydroxide the 
hypochlorite and chloride of the metal are obtained, 2]SraOH + Cl,= 
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mOCl + NaCl + HOH ; tLo hypochlontc may bo ^ 

by mefcalepsis (p. 167) with the hydroxide lNn 01 I + U,-]Sa 0 Cl + ]IC , 
the hydrochloric acid thus formed being ncuti-ahsed by another portion 

of !NaOH. , , 1 j j • ' T . ,1 

By the addition of any acid which enn liberate hydrochloric acid, niul 

therefore also the much feebler hypochlorous acid, to the solution con- 
taining the chloride and hypochlorite, chlorine will bo evolved since 
hydrochloric and hypochlorous acids react, the hydrogen being oxidised 
and the chlorine set free, HCI -h IICIO = 11,0 + Cl,. If only a small 
proportion of acid is added to the solution of hypoclilorite and chloi ido, 
the h3’^pochlorous acid will alone bo liberated, and may bo di-stilled 


together with the water. 

When the solution, of a h3'pochlorito is boiled, it iindcrgoc.s self- 
oxidation, that is, one part of the hypochlorite loses oxygen, becoming 
chloride, whilst the remainder is oxidised b}’ this oxj^gen to cbloraio j 
SKOIO =:E:0103+ 2KCI. change is turned to practical account in 

the manufacture of potassium chlorate. It is much hindered bj^ tbo 
presence of an excess of alkali. The solution of h3’^2iocblorous acid itself, . 
when exposed to light, is decomposed into chloric acid and free chlorine 7 
5HOIO = HCIO3+ 2 H ,0 + 01 ,. 

A. solution of hypochlorous acid maybe obtained by adding boric acid 
in excess to a solution of chloride of lime. 

112. Chloride of lime or bleaching poxoder,ov calx chloraia,is prepared 
by passing chlorine gas into boxes of lead or stone in which a quantity 
of moist slaked lime is spread out upon shelves. The temperature is 
not allowed to rise above 25'’ 0 . (77° F ), which is ensured by acting 
upon the fresh lime with chlorine diluted by air. The lime absorbs 
nearly half its weight of chlorine, and forms a white powder, which has 
a very peculiar smell, somewhat different from that of chlorine. 

The formula of chloride of lime is generally written CaCl.OCJ. 


The constitution of chloride of lime is not known with certainty. When the 
calcium hydroxide, Ca(OH)„, is acted on by chlorine, the simplest reaction would 
be Ca(OH)„ + CL=CaGl{OCli + H„0, according to which the chlorideof lime would 
result from the replacement of one of the OH groups by Cl, and the removal of 
the H of the other as H„0, this atom of H being then replaced by Cl ; but this 
would require the calcium hydroxide to absorb nearly an equal weight of chlorine, 
whereas the amount is not much more than half this quantity. This deficiency is 
partly explained by the fact that a small portion of the lime is not attacked by 
the chlorine. 


Practically, the constitution of chloride of lime itself is of less importance than 
that_ of the solution obtained by treating it with water, which is generally 
admitted to contain calcium hypochlorite, Ca(OCl)„ and calcium chloride, CaCL, 
with some calcium hydroxide, Ca(OH)„, of which a quantity is left in the undis- 
solved residue. The decomposition of "chloride of lime by water should be repre- 
sented by the following equation ; 2CaCl(0Cl) = CaCl„ + Ca{0CL). 


If the solution of chloride of lime be added to blue litmus, it will be 
found to exert little bleaching action ; but on adding a little acid (sul- 
phuric, for example), the blue colour will be discharged, the acid setting 
free the chlorine, which acts upon the colouring matter — 

Ca(9Cl)„ + CaCL + 2H,S0, = 2CaS0, + 2H„0 + Cl,. 

Solution ot c4?ori(?e 


Even carbonic acid will develop the bleaching property of chloride of 
lime (by liberating bypochlorous acid), so that the above mixture may 
be decolorised by breathing into it through a glass tube. 
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Wlien chloride of lime is used for bleaching on the large scale, the 
stuff to he bleached is first thoroughly cleansed from any grease or 
weaver's dressing, by boiling it in lime-water and in a weak solution of 
soda, and is then immersed in a weak solution of the chloride of lime. 
This, by itself, however, exerts very little action upon the natural 
•colouring matter of the fibre, and the stuff is therefore next immersed 
in veiy dilute sulphuric acid, when the colouring matter is so far altered 
•as to become soluble in the alkaline solution in which the fabric is next 
immersed, and a repetition of these processes, followed up by a thorough 
rinsing, generally perfects the bleaching. 

The property possessed by acids of liberating chlorine from the chloride 
•of lime is applied, in calico-printing, to the production of white patterns 
upon a red ground. The stuff having been dyed with Turkey red, the 
pattern is imprinted upon it with a discharge consisting of an acid 
•(tartaric, phosphoric, or arsenic) thickened with gum. On passing the 
fabric through a bath of weak chloride of lime, the colour is discharged 
only at those parts to which the acid has been applied, and where, con- 
sequently, chlorine is liberated. 

Chloride of lime is one of the most convenient forms in which to 
apply chlorine for the purposes of fumigating and disinfecting. If a 
•cloth saturated with the solution be suspended in the air, the carbonic 
acid gas in the latter causes a slow evolution of hypochlorous acid, which 
is even a more powerful disinfectant than chlorine itself. In extreme 
•cases, where a rapid evolution of chlorine is required, the bleaching 
powder is placed in a plate, and diluted sulphuric acid is poured over it, 
or the powder may be mixed with half its weight of powdered alum in 
.a plate, when a pretty rapid and regular escape of chlorine ^vill ensue. 

The best bleaching powder contains about 37 per cent, of chlorine 
which can be liberated (“available chlorine”) in the above processes. 
It is liable to decomposition when kept, evolving oxygen, and becoming 
converted into calcium chloride, which attracts moisture greedily, and 
renders the bleaching powder deliquescent. It has been known to 
shatter the glass bottle in which it was preserved, in consequence of the 
accumulation of oxygen ; * OaOCl,= CaOl, -f 0 . 

"When a solution of a salt of manganese or cobalt is added to solution 
•of chloride of lime, a black precipitate of MnOg or CogOj is obtained. If 
this precipitate be boiled -with an excess of solution of chloride of lime, 
it causes a rapid disengagement of oxygen, in some manner that has 
not yet been clearly explained. Large quantities of oxygen are easily 
obt'ained by adding a few drops of solution of cobalt nitrate to solution 
of chloride of lime, and applying a gentle heat. 

Old chloride of lime always contains calcium chlorate; 6CaOC),= 

5 CaCl,-}-Ca( 0103 ),. 

Sodium hypochlorite, which is very useful for removing ink, is pre- 
pared in solution by decomposing solution of chloride of lime with 
solution of sodium carbonate, and separating the calcium carbonate by 
filtration. The solution is generally called “ chloride of soda ” (liquor 
sodce chlorates. Eau de Javelle). 

1 13. Chloric add (IICIO3 or C 10 ,( 0 H)). — This acid is appropriately 
studied here, since its salts are usually obtained by the decomposition of 

• "When rapidly made and hastily packed, it has been known to become so hot as to set 
lire to the casks. 
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the hypochlorites. The “Y„f'l!TKcIm 
toportoce.epotaesmmchloratejM^^^^^ 


a source or oxygen, ""7'°:-' ^ . , 

and in tlie manufacture of lucifer matches.^ 


Pofossmm chl<yrate, or chlorate of potash. 
obtaining this salt consists in passing an excess of cliloiine lapidly into 
a strong solution of potasb (fig. 169), wnen 
tbe liquid becomes hot enough to decompose 



■the hypochlorite first foi’med into potassium 
•chloride, which remains in solution, and potas- 
sium chlorate, which is deposited in tabular 
•crystals, the ultimate result being expressed 
by the equation — 

6KOH + Ch = KOIO3 + 5KCI + 3 H„ 0 . 

If potassium carbonate or a weak solution of 
•potash be employed, the liquid will require 
•boiling after saturation with chlorine, in order 
■to convert the hypochlorite into chlorate. 

The follo'wing proportions will be found con- 
venient for the preparation of potassium chlorate 
•on the small scale as a laboratory experiment. 300 
grains (or 20 grms.) of potassium carbonate are dissolved, in a beaker, with 2 
measured ounces (or 60 c.c.) of water, 600 grains (or 40 grms.) of common salt 
are mixed -with 450 grains (or 30 grms.) of binoxide of manganese, and very gently 
heated in a flask (fig. 169) with a mixture of fluid ounce (or 40 c.c.) of strong 
sulphuric acid and 4 fluid ounces (or no c.c.) of water, the evolved chlorine being 
passed through a rather wide bent tube into tbe solution of potassium carbonate. 

At first no action will appear to take place, although tbe solution absorbs tbe 
•chlorine ; because tbe first portion of that gas converts the potassium carbonate 
into a mixture of potassium hypochlorite, potassium cliloride, and hydropotassium 
carbonate, some crystals of which will probably be deposited ; alLCOj+Oh-i-HnO 
= KC 1 +K 0 C 1 + 2KHC03. On continuing to pass chlorine, these crystals will 
redissolve, and brisk effervescence will be caused by the expulsion of the carbonic 
•acid gas; 2KHC03 + CL.=KCl + K 0 Cl-f H „0 + 2C0„. When this effervescence 
has ceased, and the chlorine is no longer absorbed' by the liquid, the change is 
complete, the ultimate result being represented by the equation KjGOj-f CL= 
KCI+KOCI4-CO3. The solution (-which often has a pink colour, due to a little 
■potassium ferrate) is now poured into a dish, boiled for two or three minutes, 
filtered, if necessary, from any impurities (silica, &c. ) derived from the potassium 
carbonate, and set aside to crystallise. The ebullition has converted the potassium 
hypochlorite into chlorate and chloride of potassium; 3K0C1 = KC103 + 2KC1. 
'The latter, being soluble in about three times its weight of cold water, is retained 
in the solution, whilst the chlorate, which would require about sixteen times its 
weight of cold water to hold it dissolved, is deposited in brilliant rhomboidal 
■tables. These crystals may he collected on a filter, and purified from the adhering 
-solution of potassium chloride by pressure between successive portions of filter- 
ipaper. If they be free from chloride, their solution in water will not be changed 
■by silver nitrate, which would yield a milky precipitate of silver chloride if 
potassium chloride were present. Should this be the case, the crystals must be 

■ redissolved in a small quantity of boiling water, and recrystallised. 

The above processes for preparing potassium chlorate are far from 
•■economical, since five-sixths of the potash are converted into chloride, 
being employed merely to furnish oxygen to convert tbe chlorine into 

■ chloric acid. In manufacturing the chlorate upon the large scale, a 
much ^ cheaper material, lime, is used to furnish the oxygen. The 
iime IS mixed -with water, and saturated -with chlorine gas in closed 
ileaden tanks; 2Ca(0H)j (calcium hydroxide) -{■ Cl^ = Ca(OCl), (calcium 
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hypochlorite) + CaO]„ (calcium chloride) + 2H,0. The liquid is boiled 
down, when the calcium hypochlorite is decomposed into calcium 
chlorate and chloride; 3 Ga( 001 )^ = Ca(C 10 s )2 + 2GaG}s. The calcium 
chloi’ate is now decomposed by boiling with potassium chloride, when it 
yields calcium chloride which remains in solution, and potassium chlorate 
which separates in crystals as the solution cools — 

Ca{C103), + 2KCI = CaCL + 2KCI63. 

Chloric acid (HOIO3) may be procured by decomposing a solution of 
potassium chlorate with hydrofluosilicic acid, when the potassium is 
deposited as an insoluble silico-fluoride, and chloric acid is found in the 
solution ; * 2KOIO3 + HgSiFg = 2IICIO3 + KoSiFg. 

On evaporating the solution at a temperature not exceeding 100° F. 
(38° 0.), the chloric acid is obtained as a yellow liquid, with a peculiar 
pungent smell, having the composition II0103.7Aq. 

In its chemical characters, chloric acid bears a very strong resemblance 
to nitric acid, but is far more easily decomposed. It cannot even be 
kept unchanged for any length of time, and at temperatures above 
104° F. (40° 0.) it is decomposed into perchloric acid, chlorine, and 
oxygen ; 4HOIO3 = 2HOIO, + H^O + Cl_, + O3. 

Chloric acid is one of the most powerful oxidising agents : a drop of 
it will set fire to paper, and it oxidises phosphorus (even the^amorphous 
variety) with explosive violence. Like hypochlorous acid it will oxidise 
hydrochloric acid ; H0103 + 5 HC 1 = 3 H „0 + C]g.t It dissolves Zn with 
evolution of H. 

1 14. Chlorates. — Chloric acid, like nitric, is monobasic, containing 
only one atom of hydrogen replaceable by a metal. The chlorates 
resemble the nitrates in their oxidising powder, but generally act at 
lower temperatures, in consequence of the greater facility 
with which the chlorates part with their oxygen. 

A grain or two of potassium chlorate, rubbed in a mortar with 
a little sulphur, for example, detonates violently, evolving a 
powerful odour of chloride of sulphur. Potassium chlorate and 
sulphur were used in some of the first percussion caps, but being 
found to corrode the nipple of the gun, they gave place to the 
anti-corrosive caps containing mercuric fulminate. 

If a little powdered chlorate be mixed on a card with some- 
black antimony sulphide, and wrapped up in paper, the mixture 
will detonate when struck with a hammer. 

A mixture of this description is employed in the friction tubes 
used for firing cannon. These are small tubes (A, fig. 170) of 
sheet copper (for military) or of quill (for naval use), filled with 
gunpowder ; in the upper part of the tube a small copper rasp 
p 3 ) is tightly fixed across it, and on each side of the rasp a pellet 
is placed containing 12 parts of potassium chlorate, 12 of anti- 
mony sulphide, and i of sulphur, these ingredients being worked 
up into a paste with a solution of an ounce of shellac in a pint 
of spirit of wine. The friction tube is fixed in the vent of the 
gun, and the copper rasp quickly withdrawn by a cord in the 
hands of the gunner, when the detonating pellets explode and 
fire the powder. The earliest lucifer matches were tipped with a mixture of 
potassium clilorate, antimony sulphide, and starch, and were kindled by drawing 
them briskly through a doubled piece of sand-paper. 

A mixture of potassium chlorate and lead ferrocyanide is used in toy de- 
tonating crackers. 

* 440 grain measures of hydrofluosilicic acid of sp. gr. 1.078 will decompose 100 grains 
of the chlorate. 

t Perchloric acid and chlorine peroxide are also produced. 




■COLOURED FIRES. 


i8i 


• At liieli temperatures the chlorates act violently upon combustible 
bodies. A little potassium chlorate sprinkled upon red-hot coals causes 
a very violent deflagration. If a little of the chlorate be melted in a 
deflaorating spoon, and plunged into a bottle or flask containing coal ■ 
gas (fig. 1 71), the salt buims with great brilliancy, its oxygen combining 
with the carbon and hydrogen in the gas, which 
becomes in this case the sapporier of combustion. 

Potassium chlorate is much used in the manu- 
facture of fireworks, especially as an ingredient of 
coloured fire compositions, which generallj’^ consist of 
potassium chlorate mixed wnth sulphur, and Avitli 
some metallic compound, to produce the desired 
colour in the flame. They are not generally made 
pf the best quality on the small scale, from want. of 
attention to the very finely powdered state of the 
ingredients, the absence of all moisture, and the most 
intimate mixtm’e. 

If these precautions are attended to, the following pve- Fig. 171. 
scriptions will give very good coloured fires : 

lied fire .. — 40 grains of strontium nitrate, thoroughlj’’ dried over a lamp, are 
mixed with 10 grains of potassium chlorate, and reduced to the finest possible 
powder. In another mortar 13 grains of sulphur are mixed with 4 grains of black 
sulphide of antimony (crude antimony). The two powders are then placed upon 
a sheet of paper, and very intimately mixed with a bone knife, avoiding any great 
pressure. A little heap of the mixture touched with a red-hot iron ought to burn 
with a uniform red flame, the colour being due to the strontium.* 

■ Blue fire . — 15 grains of potassium chlorate are mixed u'ith 10 grains of 
potassium nitrate and 30 grains of oxide of copper, in a mortar. The finely 
powdered mixture is transferred to a sheet of paper, and mixed, by a bone knife, 
with IS grains of sulphur. The colour of the fire is given chiefly by the copper. 

Green fire . — 10 grains of barium chlorate are mixed with 10 grains of barium 
nitrate in a mortar, and afterwards on paper with 12 grains of sulphur. The 
barium is the cause of the bright green colour of the flame. 

These compositions are rather dangerous to keep, since they are liable to spon- 
taneous combustion. 

White gunpowder is^ a mixture of two parts of potassium chlorate with one part 
of dried yellow prussiate of potash, and one part of sugar, which explodes very 
easily under friction or percussion. 

The decomposition of potassium chloi’ate by beat into oxygen and 
potassium cbloride is attended with evolution of heat, nnlike most cases 
of chemical decomposition, in which heat is generally absorbed. If tbe 
chlorate be heated to the point at which it begins to decompose, and a 
little feri'ic oxide be thrown into it, enough heat will be evolved to 
bring the mass to a red heat, although the ferric oxide is not oxidised. 
Experiment has shown that one part of chlorate evolves, during decom- 
position, nearly 35 units of heat, or enough heat to raise 39 parts of 
water through i C. This evolution of heat must of course contribute 
to increase the energy of explosive mixtures containing the chloi-ate, 
and may be accounted for on tbe supposition that the heat evolved by 

1 ? of the potassium with the chlorine to form potassium 

chloride exceeds that which is absorbed in effecting the chemical de- 
composition of the chlorate. 

1 15. Perchloric acid (HCIO^ or C103(0H)),is obtained by evaporating 
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down, at a boiling beat, the solution of cHloric acid obtained by de- 
composing potassium chlorate 'with bydrofluosilicic acid (see page 180), ' 
when tbe chloric acid is decomposed into perchloric acid, chlorine, and 
oxygen ; 4IIOIO3 = 2HCIO4 -{- H^O + Cl^ -b O3. 

When the greater part of the water has been boiled off, the liquid may be 
introduced into a retort and distilled. After the remainder of the water has 
passed over, it is followed by a heavy oily liquid, which is HC 10 ^. 2 H„ 0 . If this 
be mixed with four times its volume of strong sulphuric acid and again distilled, 
the pure perchloric acid (HCIOJ first passes over as a yellow watery liquid. If 
the distillation be continued, the oily HCIO4.2H2O distils over, and if this be 
mixed with the former and cooled, it yields silky crystals containing HOIO.,.!!,©, 
which are decomposed at 230° F. (iio°C.) into HCIO,, which may be distilled off, 
and HClO^.aHoO, which is left in the retort — 

2(HC104.H.,0) = HCIO4 + HCIO4.2H3O. 

The pure perchloric acid is a colourless, very heavy liquid (sp. gr. 
1.782), which soon becomes )’^elloAv from decomposition. It cannot be 
kept for any length of time, but it is more stable than any of the other 
oxy-acids of chlorine. When heated, it undergoes decomposition, often 
Avith explosion. In its oxidising properties it is more poAvex’ful than 
chloric acid. It burns the skin in a very serious manner, and sets fire 
to paper, charcoal, &c., Avith explosive violence. This Avant of stability, 
hoAvcAmr, belongs only to the pure acid. If Avater be added to it, heat, 
is evolved, and a diluted acid of far greater permanence is obtained. 
Diluted perchloric acid does not even bleach, but reddens litmus in the 
ordinary Avay. It dissolves Zn Avit;h evolution of H. 

Perchloric acid is monobasic. The perchlorates are decomposed by heat,. 
evolAdng oxygen, and leaving chlorides ; thus — KCIO4 = KOI + O4. 

The potassium perchlorate is one of the least soluble of the potassium 
salts, requiring 150 times its weight of cold water to dissolve it. It is 
alAvays formed in the first stage of the decomposition of potassium 
chlorate by heat ; 2KCIO3 = KOIO4 KOI -b O^. 

If a few crystals of potassium chlorate be heated in a test-tube, they first melt 
to a perfectly clear liquid, Avhich soon evolves bubbles of oxygen. After a time 
the liquid becomes pasty, and if the contents of the tube, after cooling, be dis- 
solved by boiling with water, the latter will deposit, as it cools, crystals of 
potassium perchlorate. These are readily distinguished from the chlorate by their 
not yielding a yelloAv gas (C10„) when treated Avith strong sulphuric acid. Neither 
perchloric acid nor any of its salts is applied to any useful purpose. 

1 16. Chlorine dioxide or chlorine peroxide (OlO^) is dangerous to pre- 
pare and examine on account of its great instability and violently ex- 
plosive character. It is obtained by the action of strong sulphuric acid . 
upon potassium chlorate — 

3KCIO3 + 2H3SO4 = KClOj -b 2KHSO4 + 2C10„ + H„ 0 . 

It is a bright yelloAv gas, Avith a chlorous and somewhat aromatic smell, 
and sp. gi'. 2.32 ; condensable at - 4° P. to a red, very explosive liquid 
(b.p. 9° 0.). The gas is gradually decomposed into its elements by 
exposure to light, and a temperature of 140° P. (60° 0.) causes it to 
decompose AAuth violent explosion into a mixture of chlorine and oxygen, 
the volume of AA’hich is one-third greater than that of the compound. 

On a small scale, chlorine peroxide may be prepared Avith safety by pouring a little 
strong sulphuric acid upon one or two crystals of potassium chlorate, in a test- 
tube supported in a holder. The crystals at once acquire a red colour, Avhich 
gradually diffuses itself through the liquid, and the bright yelloAV gas collects in 
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the tube If beat be applied, the gas will explode, and the coloiir and odour of. 
Silorine peroxide will be exchanged for those of chlorine. If the chlorate emjjloyed 
in this experiment contains potassium chloride, explosion often takes place m the . 
cold, since the hydrochloric acid evolved by the action of the acid upon salt 
decomposes a part of the chlorine peroxide, and thus provokes the decomposition, 
of the remainder. 


CIO, is easily alosorbed by water, forming chlorous and chloric acids ; 
the solution has powerful bleaching properties. Combustible bodies, such 
as sulphur and phosphorus, decompose the gas, as might be expected, 
with great violence. This powerful oxidising action of chlorine peroxide 
upon combustible substances appears to be the cause of the pi’operty 
possessed by mixtures of such substances with potassium chlorate, to 
inflame when touched with strong sulphuric acid. 


If a few crystals of potassium chlorate be thrown into a glass of water (fig. 172) 
one or two small fragments of phosphorus dropped upon them, and some strong 
sulphuric acid poured down a funnel tube to the bottom of 
the glass, the chlorine peroxide will inflame the phosphorus 
with bright flashes of light and slight detonations. 

Powdered sugar mixed with potassium chlorate on paper, 
will burn brilliantly when touched with a glass rod dipped in 
strong sulphuric acid. Matches may be prepared, which 
inflame when moistened with sulphuric acid, by dipping the 
end of splinters of wood in melted sulphur, and, when cool, 
tipping them with a mixture of 5 grains of sugar and 15 
grains of potassium chlorate made into a paste with 4 drops 
of water. When dry, they may be fired by dipping them into 
a bottle containing asbestos moistened with strong sulphuric 
acid. These matches, under the names of Eupyrion and Vesta 
matches, were used before the introduction of phosphorus 
into general use. The Promethean light was an ornamental 
scented paper spill, one end of which contained a small glass 
bulb of sulphuric acid surrounded with a mixture of chlorate Fig. 172. 
and sugar, which inflamed when the end of the spill was 
struck or squeezed, so as to break the bulb containing the sulphuric acid. The 
paper was waxed in order to make it inflame more easily. Percussion fuzes, &c., 
have been often constructed upon a similar principle. 



Chlorous acid, HOIO3 or OIO(OH), is contained, together witli chloric 
acid, in the aqueous solution of chlorine peroxide (2010, + 11,0=^ 
HClOj + HCIO3) which thus resembles nitric peroxide in not being a 
separate anhydride. 


The separation of the chlorous acid may by effected by neutralising the solution 
with potash and evaporating until the potassium chlorate crystallises, leaving the 
potassnm chlorite (KCIO.,) in solution. Little is known about the acid or its 
salts ; they readily undergo self-oxidation, like hypochlorous acid and its salts, 
yielding chloric acid and chlorate.'!. 

117. JSucMorine, the deep yellow, dangerously explosive gas evolved by the 
action ot strong hydrochloric acid upon potassium chlorate, appears to be a mix- 
tuie of chlorine peroxide with free chlorine. It is resolved by explosion into 
2 vois. Oi and : yol. 0 . Mercurous chloride absorbs Cl from it, leaving C10„. 
6H°oV3ClC)°+cf explained by the equation, 4KCIO3+ I2HC1=4KC1 i- ' 

and^Cl^^^ known as cldorous anhydride has been proved to be a mixture of C 10 „ 


Chlohides op Carbon. 

1 18. It has already been seen that chlorine has no direct attraction 
01 car on, the two elements not being known to enter into direct com- 
ma ion , but several chlorides of carbon may be obtained by the- 
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action of clilorine upon oilier, compounds of carbon, particularly by 
metalepsis iviib hydrocarbons. 

CaThon tetrachloride (COl^) has been mentioned (p. 167) as the final 
result of the action of chlorine upon marsh gas (OH^) and upon chloro- 
form (OHOI3). It is easily obtained in large quantity, by passing 
chlorine (dried by passing through a tube containing pumice wetted 
■with strong sulphuric acid) (fig. 173) through bottle containing 
carbon disulphide, and afterwards through a porcelain tube, filled with 
fragments of broken porcelain, maintaining at a red heat by a charcoal 
or gas furnace, and condensing the products in a bottle surrounded by 
ice. A mixture of carbon tetrachloride and sulphur dichloride is thus 



Eig. 173. — Preparation of carbon tetracblorido. 


obtained ; OS^ + Ol^ = CCl,, + S^Ulg. By shaking this mixture with 
potash, the sulphur dichloride is decomposed and dissolved, whilst the 
carbon tetrachloride separates and falls to the bottom. The upper 
layer having been poured off, the tetrachloride may be purified by 
distillation. 

Another method of preparing CCl^ consists in distilling carbon disul- 
phide with antimonic chloride in a stream of chlorine. 

Carbon tetrachloride is a colourless liquid, much heavier than water 
(sp; gi"- 1-6), having a peculiar odour, and boiling at 77° 0 . It may be 
solidified at -23° C, The tetrachloride is insoluble in water, bub 
dissolves in alcohol and in ether. 

It will be obvious that since the number of hydrocai’bons is very 
large there must be a considerable number of chlorides of carbon 
obtained by the complete substitution of chlorine for hydrogen, gener- 
ally by metalepsis. Some of these are of very high molecular weight, 
such as octachloronaphthalene C,„Cls, obtained from naphthalene 

Carbon trichloride^ P^^oduced by treating Dutch liquid (p. 103) 

with^ excess of chlorine in sunlight. It is a white eiyslalline solid, 
melting at 187“ _ 0 . By treatment with nascent hydrogen (zinc and 
sulphuric acid) it yields carbon dichlm'ide, 0,01,, a colourless liquid 
which boils at 120“ 0. 

1 19. Carbonyl chloride, carbon oxychlcn'ide, ov 2}hosgene gas, COCl^, is 
produced by the direct combination of equal volumes of carbonic oxide 
and chloi'ine gases under the influence of sunlight (whence its last name), 
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■when the mixture condenses to lialf its volume of a colourless gas, con- 
densable by cold (b.p. 8.4° 0.), having a very peculiar pungent smell, and 
fuming strongly when exposed to moist air by decomposing -^e moisture 
and producing hydrochloric acid ; G 0 .C 1 „ + H ,0 = 00 , + 2HCI. _ It is 
decomposed by alkalies, producing chlorides and carbonates. It is used 
in the manufacture of some artificial dyestufis. 

COOL may also be prepared by passing a mixture of equal volumes of CO and^ 
• Cl throu°-h a long tube filled with granulated animal charcoal, which favours the 
•combination of the gases ; or by passing dried carbonic oxide through antimony 

pentachloride ; SbOl5-+-GO=GOGl,'+ SbOl^. 

Phoso’ene gas has also been obtained by heating carbon tetrachloride with phos- 
phoric anhydride, in a sealed tube ; 3CCh + P„Os= + > and by heating 

chloroform with sulphuric acid and potassium dichromate. 

120. Silicon tetrachloride, SiCl^, unlike the chlorides of carbon, may be 
formed by the direct union of silicon ivith chlorine at a high tempera- 
ture ; but it is best prepared by passing dry chlorine over a mixture^ of 
sili^ and charcoal, heated to redness in a porcelain tube connected ■with 
a receiver kept cool by a freezing mixture. Neither carbon nor chlorine 
separately will act upon the silica, but when they are employed 
together, the combined attractions of the carbon for the oxygen and 
the chlorine for the silicon will decompose the silica ; SiO, + 0 ^- 1 - 01 ^ = 
Si 01 , + 2 C 0 . 

The tetrachloride is a colourless heavy liquid (sp, gr. 1.52), which is 
volatile (boding point, 58° C.), and fumes when exposed to air, the 
moisture of which decomposes it, yielding hydrochloric acid and silicic 
acid; SiCl, + 4HqH = Si(OH), + 4HOI. 

When silicon is heated in hydrogen chloride a compound, which, 
from its analogy with chloroform, CHCI3, is termed silico -chloroform, 
SiHClg, is obtained; Si-f 3lICl = SiHCl3-}-H,, This is a colourless 
liquid which boils at 38° C., and, unlike most chlorine compounds 
(including chlorofoi’m), is inflammable, burning with a greenish flame, 
and producing SiOj and HCl. 

The chlorides of silicon have not received any practical application 
on a large scale, but they are of theoretical importance as forming the 
starting-point of a number of silicon compounds which are the 
analogues of organic carbon compounds, silicon replacing carbon. 

The boron chloride (BOlg) is similar in its general character to the 
silicon tetrachloi’ide, and is prepai-ed by a similar process ; it is a liquid 

of sp. gr. 1.35 and boils at 17° 0 . In contact with H „0 it vdelds boric 
and hydrochloric acids. 

^ 1 2 1. Nitrogen chloride is the name usually given to the very explo- 
sive compound before referred to as being produced by the action of 
chlorme on ammonium chloride. The oily liquid thus produced is a 
mixture ol several compounds which have been formed from the NH^Ol 
by the substituUon of chlorine for hydrogen. Nitrogen chloride NCI,, 
IS le mos explosive constituent of the mixture, and can be isolated by 
a process attended with considerable danger. 

• ^ yellow, hea^^, oily liquid (sp. gr. 1.6), which volatilises easily, 

jueldiiig a vapour of very characteristic odour, which affects the eyes. 

Sn, ? / *'• 0-) it eicplodes mth p-eat violeL, 

emitting a loud report and a lash ot light.* Its instabaity is, of 
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course, attributable to the feeble attraction which holds its elements 
together ; and the violence of the explosion, to the sudden expansion of 
a small volume of the liquid into a large volume of nitrogen and 
chlorine. As might be expected, its explosion is at once brought about 
by contact with substances which have an attraction for chlorine, such 
as phosphorus and arsenic j the oils and lats cause its explosion, 
probably by virtue of their hydrogen ; oil of turpentine explodes it with 
greater certainty than the fixed oils. Alkalies also decompose it 
violently ; whilst acids, having no action upon the chlorine, are not so 
liable to explode it. At i6o° F. (71° 0 .) this substance has actually 
been distilled without explosion. 


Although practically unimportant, the violently explosive properties of this sub- 
stance render it so interesting that it may be well to give some directions for its 
safe preparation, which may be effected by the action of solution of hypochlorous 
acid upon ammonium chloride. 

Fifty grains of red oxide of mercury are very finely powdered and thrown into 
a pint bottle of chlorine together with ^ oz. of water. The stopper is replaced, 
and the bottle well shaken, loosening the stopper occasionally, as 
long as the chlorine is absorbed. The solution of hypochlorous 
acid thus produced is filtered from the residual mercuric oxychloride, 
and poured into a clean tlmmb-gluss (fig. 174). A lump of ammonium 
chloride weighing 20 grains is then dropped into the solution, and 
the glass is placed under a stout wooden box. After, the lapse of 
twenty minutes, the chloride of nitrogen may be exploded by insert- 
ing, through a hole in the box, a stick dipped in turpentine, fixed 
at right angles to a longer stick. The glass will be shattered into very small 
fragments. 



Fig. 174. 


122. Aqua regia . — This name has been bestowed upon the mixture 
of I measure of nitric, and 3 measures of hydrochloric acid {nitro- 
muriatic acid), which is employed for dissolving gold, platinum, and 
other metals which are not soluble in the separate acids. If a little 
gold leaf be placed in hydrochloric and nitric acids contained in 
separate glasses, the metal will remain unaffected even on warming the 
acids; but if the contents of the glasses be mixed, the gold will be 
immediately dissolved by the chlorine, which is liberated in the action - 
of the acids upon each other ; HNO3 + 3^01 = 2ll,0 + N 0 C 1 + Cl^ 

The niirospl chloride (NOCl) is a red gas, condensable in a freezing mixture to 
a dark red liquid, which boils at 18° F. ( -8° 0 .) and dissociates above 700° C. It 
has a very peculiar odour, and is decomposed by contact with water, nitrous acid 
and hydrochloric acid being produced. Nitrosyl chloride is also produced by 
mixing 2 volumes of nitric oxide with i volume of chlorine ; it condenses to a red 
liquid at 0° F. When nitrosyl chloride is passed into oil of vitriol cooled to 0° 0 ., 
crystals of the acid nitrosyl svhdtaie (NO’HSO.) are deposited; NO’Cl-i- 
SO.,(OH)(OH) = HCl -f SO,(OH)(ONO).* 

Nitrosyl sulphate is also obtained by passing SO, into nitric acid, or NoOj into 
sulphuric acid, or by burning a mixture of i part of sulphur and 3 parts of nitre 
in moist air. 

Nitrosyl chloride is best prepared by beating nitrosyl sulphate with sodium 
chloride; NO.HSO^-f NaCl = NO.Cl-f-NaHSO^. It is a useful reagent in organic 
chemistry. 

It has been proposed to manufacture chlorine by oxidising hydrochloric acid with 
nitric acid as shown by the above equation for the decomposition of aqita regia. 
The mixture of NOCl and CL is passed through strong sulphuric acid whereby 
the NOCl is absorbed and HCl evolved in its stead ; this is removed from the Cl 


* In this formula for nitrosyl sulphate the nitrosyl group replaces hydrogen in one of 
the hydroxyl groups of sulphuric acid. Some chemists regard the compound as nitro- 
sttlphitric or nitrosnlphonic acid, that is, sulphuric acid in which one OH has been 
replaced by NO-; -SO;(OH)(KOj). 
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bv Tjassace throuo-h water. By diluting the sulphuric acid containing the nitrosyl 
SKfand Sn- air through the liquid, NOJs evolved, which may be passed 
togeSer Nvaterfo form lINO In this way the nitric acid, would 

krve as a carrier of oxygen from the air to the hydrogen of the hydrochloric acid. 

mtrosyl chloride, NO'Cl, is an example of a large class of compounds 
known as acid chlorides or chloranhydrides. An acid chloride is foi lucd 
by the substitution of 01 for OH in .an .acid ; thus nitrosyl chlondo is 
formed from nitrous acid, HO'OH. The I'caction which most generally 
produces an acid chloride is that between an oxj'-acid and phosphoiic . 
chloride, POl. (see Phosphoru ^ ; if It represent the group of atoms com- 
bined with OH in an acid, this reaction may bo expressed by the equa- 
tion, R-OH + POl., = R -01 + POOI3 + HOI, or, since the acid residue 
may be combined wdth sover.al OH groups, It(OH)n-b?!PCl^ = 
ROhi + JtPOOlj + JiHOl. It is from this fact, namely, that for oveiy 
atom of chlorine introduced into an acid by the action of phosphoric 
chloride, one atom of oxygen and one atom of hj’drogcn are removed 
(as POOI3 and HOI respectively), that the inference is dr.awn that the 
hydrogen in an oxy-acid exists in the Jorm of hydroxyl gron])s. For it 
is obvious that a monovalent atom like 01 can only bo substituted for 
another monovalent atom or a monovalent radicle, so that if 0 and H 
are together replaced by 01 they must be present as — OH ; were they 
present independently of each other they would represent three atom- 
fixing powers (- 0 - and H — ), which could not be replaced by tho 
monovalent atom 01 . It will be found, particularly in organic 
chemistry, that acids frequentl)’- contain 0 and H ■which cannot bo 
replaced by 01, and therefore exist in some other relationship to tho 
molecule than that represented by - OH. 

The characteristic behaviour of acid chlorides is, that when brought 
into contact with water they exchange their chlorine for hydroxyl, and 
are converted into the acids from which they were derived ; 
ROhi + «H 0 H = R(0H)7 i + ?iHCl. It is because these chlorides form 
acids, in this way, when brought in contact with water that they are 
also termed chloranhydrides. 

It is noteworthy that whilst the acid chlorides yield acid hydroxides 
and hydrochloric acid by treatment with water, the basic hydroxides, 
such as NaOH, Oa(OH),, yield basic chlorides and water by treatment 
with hydrochloric acid ; thixs it is instructive to compare the reactions : 

no-ci+hoh=no-oh+hci, 

and NaOH + HCl =NaCl +HOH. 

Two chlorides which give acids by interaction with water have here- 
tofore been considered, namely, boron chloride (BCI3) and silicon tetra- 
® ® j these may evidently be regarded as tho chlorides of 

orthoboric acid (B(0H)3) and orthosilicic acid (Si(OH),) respectively. 

CO.OI3, may be regarded as the chloride of carbonic 

acid C0(0H)2. 


. BROMINE. 

^ Br= 80 parts by weight. 

f ^ ' 1 generally happens that elements between which any strong 

amily hkeness exists are found associated in nature. This remark par- 
ticularly applies to the three elements — chlorine, bromine, and iodine 
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all of ■wHcli are found in sea water, tliougli the first predominates to 
such an extent that the others for a long time escaped notice. Bromine 
was brought to light in the year 1826 by Balard in the examination of 
bittern, which is the liquid remaining after the sodium chloride and 
some other salts have been made to crystallise by evaporating sea water, 
which contains bromine in the forms of bromide of magnesium and 
bromide of sodium.’*-' It is also extracted from the waters of certain 
mineral springs, as those of Kreuznach and Kissingen, which contain 
much larger quantities of bromine, combined with potassium, sodium, 
or magnesium. During the last few years much bromine has been 
obtained from the mother-liquors of the salt-works at Stassfurt, and 
from saline springs in the United States. 

In extracting the bromine from these waters, advantage is taken of 
the ch’cumstance that chlorine is capable of displacing bromine from its 
combinations with the metals. After most of the other salts, such as 
sodium chloride, sodium sulphate, and magnesium sulphate, which are 
less soluble than the bromides, have been separated from the water by 
evaporation and crystallisation, the remaining liquid is run into a still 
resembling a chlorine still and is subjected to the action of chlorine gas, 
which liberates the bromine from the bromides, the chief of which is 
magnesium bromide ; MgBi'^ -t- 01 ^ == MgClj + Br„. The chlorine is gener- 
ated either in a separate still and passed into that containing the 
mother 'liquors, or in the same still by adding sufficient manganese 
dioxide and sulphuric acid to react with the small quantity of sodium 
chloride left in the liquor (see p. 163). The bromine is distilled over by 
passing steam into the retort. 

The chief impurity in the crude bromine thus obtained is bromine chloride, 
BrCl, formed by the combination of any excess of chlorine, which may have been 
used, with the bromine, dhis is decomposed by shaking the crude product with 
potassium bromide, KBr BrCl = KOI + Br„ ; and the bromine is distilled away 
Irom the KCl. 

An instructive method for illustrating on a small scale the manufacture of 
bromine, consists in adding chlorine water to a solution of potassium bromide 
which will at once become orange from the liberation of the bromine, KBr-{-Cl= 
KCl + Br. _ ' 

The bromine thus set free exists now diffused through a large volume of water, 
which cannot be separated from it in the usual way, by evaporation, because 
bromine is itself verj’ volatile. An ingenious expedient is therefore resorted to, 
of shaking the orange liquid briskly with ether, which has a greater solvent 
power for bromine than is possessed by -water, and therefore abstracts it from the 
aqueous solution : since ether does not mix to any great extent with water, it 
now rises to the surface of the liquid, forming a layer of a beautiful orange colour, 
due to the bromine which it holds in solution. This orange layer is carefully 
separated, and shaken with solution of potash, which immediately destroys the 
colour by removing the bromine, leaving the ether to rise to the surface in a pure 
state, and fit to be employed for abstracting the bromine from a fresh portion of 
the water. The action oi the bromine upon potash is precisely similar to that of 
chlorine ; fiKOH + Br^rrSKBr + KBrOj-f 3H,0. 

After the solution of potash has been several times shaken with the ethereal 
solution of bromine, and has become highly charged with this element, it is eva- 
porated so as to expel the water, leaving a solid residue containing the potassium 
bromide and bromate. This saline mass is strongly heated to decompose the 
brom.ate, and convert it into bromide; KBrO^r^KBr-fOg. From this salt the 
bromine is extracted by distilling it with manganese dioxide and sulphuric acid, 


Sea. 


4.9 grs. of magnesinm bromide per gallon have been found in the water of the Irish 
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^^-laen the bromine is liberated and condensed in a receiver kept cold by iced 
•water; 2KBr+MnOj+2HSO,=KEO^+MnbO, j-alip + Br.. 


The aspect oE bromine is totally difierent from that of any other 
element, for it distils over in the liquid condition, and preserves that 
form at ordinary temperatures, being the only liquid non-motailic ele- 
ment Its dark red-brown colour, and the peculiar orange colour 01 tho 
vapour which it exhales continually, are also characteristic ; but, above 
all its extraordinary and disagreeable odour, from which it derives its 
name OpS/xoj, a stench), leaves no doubt of its identity. The odour 
has some slight resemblance to that of chlorine, _ but is far more intoler- 
able, often giving rise to great pain, and sometimes even to bleeding at 


Liquid bromine is thrice as heavy as water (sp. gr. 3.1S at o_ O.), and 
boils at 58°.7 0., yielding a vapour 5.} times as heavy as air (sp. gr. 
5.54). It may be frozen at - 7“ C. to a brown ciystalline solid. It 
requires 33 times its weight of cold w.iter to dissolve it, and is capable , 
of forming a crystalline hydrate (Br.5H,0) corresponding with chlorine 
hydrate. 

In its bleaching power, its aptitude for direct combination, and its 
other chemical characters, it very closely resembles chlorine, so closely, 
indeed, that it is difficult to distinguish, in many c-ases, between the 
compounds of chlorine and bromine with other substances, unless tho 
elements themselves be isolated. A necessary consequence of so great a 
similarity is, that very little use has been made of bromine, since tho far 
more abundant chlorine fulfils nearly all the purposes to which bromine 
might otherwise be applied. In the daguerreotype and photogi-aphic 
arts, however, some special applications of bromine have been discovered, 
and for some chemical operations, such as tbo determination of the illu- 
minating hydrocarbons in coal gas, bromine is sometimes preferred to 
chlorine. It is applied in the manufacture of artificial d3mstuffs and has 
also been used in America as a disinfectant. The bromides of potassium 
and ammonium are frequently employed in medicine. Bromide of cad- 
mium is used in photography. Commercial bromine sometimes contains 
bromoform and cyanogen bromide. In the composition of their com- 
pounds chlorine and bromine exhibit great analogy, but no compound 
of bromine with oxygen has been obtained. 

Rypobromous acid (HOBr) has been obtained in solution by shaking 
mercuric oxide with water and bromine. The solution is very unstable^ 
decomposing, especially when heated, with liberation of bromine and 
formation of bromic acid. The action of bromine upon diluted solutions 
alkalies, and upon the alkaline earths, produces bleaching liquids 
similar to those formed by chlorine, and apparently containing the 
hypobromites of the metals. 

Bromic acid (HBrOj) can be prepared in a similar manner to that 
described for the preparation of chloric acid, to which it has a great 
general resemblance, the bromates being also similar to the chlorates. 

1 24. Hydrogen bromide or hydrohromic acid (HBr = 81 parts by 
■\veight = 2 volumes). — • The inferiority of bromine to chlorine in 
chemical energy is well exemplified in its relations to hydrogen : for 
the vapour of bromine mixed with hydrogen will not explode under the 
action of name or of the electric spark, like the mixture of chlorine and 
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hydrogen. Jjirect combination may be induced by contact with heated 

platinum. . ■ 

When it is attempted to prepare this acid by distilling bromide of 
sodium or potassium with sulphuric acid (as in the preparation of hydro- 
chloric acid) the inferior stability of hydrobromic acid is shown by the 
decomposition of a part of it, the hydrogen being oxidised by the sulphuric 
acid, and the bromine set free j 2HBr + H^SO^ = 2H„0 d- SOg -i- Br^. 

If a strong solution of phosphoric acid be employed instead of the 
sulphuric, pure hydrobromic acid may be obtained. 

But the most instructive method of obtaining hydrobromic acid 
consists in attacking water with bromine and phosphorus simultaneously, 
when the phosphorus takes the oxygen of the water, forming phosphoric 
acid, and the bromine combines with the hydrogen to form hydro- 
bromic acid : 3H2O + Br^ -f P = HPO3 sHBr, 

Phospboric acid. 

The experiment may be made in the apparatus shown in fig. 175. 20 grms. of 

red phosphorus are introduced into the flask and are covered with 40 c.c. of water. 
120 grms. (40 c.c.j of bromine are allowed to fall, drop by drop, from the stop- 



cock funnel into the flask. The hydrogen bromide is passed through a U-tube con- 
taining a mixture of fragments of glass mixed with moist red phosphorus, to 
absorb bromine, and is collected by downward displacement. After a time the 
flask may be gently heated. 

Hydrogen bromide is very similar to hydrogen chloride ; it liquefies at 
— 92° P. ( — 68°. 5 C.). Like that gas, it is very soluble in water, and 
the solution acts upon metals and their oxides in the same manner as 
does hydrochloric acid. Chlorine removes the hydrogen from hydro- 
bromic acid, liberating bromine, which it converts into bromine chloride 
if employed in excess. 

Nitrogen bromide has been obtained by the action of bromide of 
potassium upon chloride of nitrogen, which it resembles in general 
chai-acter and explosive properties. 

Carbon tetrabromide, CBr^, is obtained by heating CS^ with Br at 
160° C. It crystallises in white tables, melts at 91° 0 . and boils at 



IODINE. 


191 

180.=;° c. Silicon tetrahroinide, SiBr^, is also known. Sdicon inhromo- 
cUoricle, SiBr3Cl, has been obtained as a liquid boding at 140 

Bromine chloride, BrCl, is a very volatile I’ed-brown liquid of 
pungent odour. It is decomposed above 10° C. lhat chlorine should 
unite dii-ectly with bromine, which it so much resembles m chemical 
character, illustrates its great tendency to direct chemical combination. 


IODINE. 


1 = 127 parts by weight. 


125. Iodine is contained in sea water in even smaller quantity than 
■bromine is, and appears to be present as calcium iodaie, Ca (lO,),, of which 
4 parts are contained in a million of sea water,^ but the iodine appears 
to constitute a portion of the necessary food of certain varieties of se.a- 
weed, which extract it from the sea water, and concentrate it in their 
tissues. The ash remaining after sea-weed has been burnt was long 
used, under the name of kelj), in soap-making, because it contains a 
-considerable quantity of sodium carbonate; and in the year 1811, 
Courtois, a soap-boiler of Paris, being engaged in the manufacture of 
soda from kelp, obtained from the -waste liquors a substance which 
possessed properties different from those of any form of matter with 
which he was acquainted. He transferred it to a Erench chemist, 
Dlement, who satisfied himself that it was really a new substance ; and 
Gay-Lussac and Davy having examined it still more closely, it took its 
rank among the non-metallic elementary substances, under the name of 
iodine (loeiSijy, violet-coloured), conferred upon it in allusion to the 
magnificent violet colour of its vapour. 

This history of the discovery of iodine affords a very instructive 
example of the advantage of training persons engaged in manufactures 
to habits of accurate observation, and, if possible, of accurate chemical 
observation ; for had Courtois passed over this new substance as acci- 
dental, or of no consequence, the community would have lost, at least 
for some time, the benefits derived from the discovery of iodine, 

, Por some years the new element was only known as a chemical 
curiosity, but an unexpected demand for it at length arose on the part 
of the physician, for it had been found that the efficacy of the ashes of 
sponge, which had long been used in some particular maladies, was due 
to the small quantity of iodine which they contained, and it was of 
course thought desirable to place this remedy in the hands of the medical 
profession in a purer form than the ash of sponge, where it is associated 
■with very large quantities of various saline substances. Much more 
demand for this element has greatly increased on account 
of its employment in photography, and in the manufacture of artificial 
dyes, and large quantities of it are annually produced from kelp, the 
collection and burning of which affords occupation to the very poor 
inha,bitants of some parts of the coasts of Ireland and Scotland, who 
would otherwise have been thrown out of work when soda began to be 
manufactured from common salt, and the demand for kelp as the source 


Bea water by shaking with carbon disulphide and 
1-ndlt phosphorus has been kept; the phosphorous acid redLes the 

lodate, hherating iodine, which dissolves in the OS. ^rith a rose colour. the 
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of that alkali had ceased. The sea-weed * is spread out to dry, and 
burnt in shallow pits at as low a temperature as possible; for the 
sodium iodide is converted into vapour and lost if the temperature be 
very high. The ash, which is left in a half-fused state, is broken into 
fragments and treated with hot water, which dissolves about half of it, 
leaving a residue consisting of calcium carbonate and sulphate, sand, &c.' 
The whole of the sodium iodide is contained in the portion dis- 
solved by the water, but is mixed with much larger quantities of 
sulphate, carbonate, hyposulphite, sulphide and bromide of sodium,, 
together with sulphate and chloride of potassiuum. A portion of the 
water is expelled by evaporation, when the sulphate and carbonate of 

sodium and chloride of po- 
tassium, being ' far less 
soluble than the iodide of 
sodium, crystallise out. In 
order to decompose the 
hyposulphite and sulphide 
of sodium, the liquid is 

. mixed with an eighth of 

its bulk of oil. of vitriol,, 
which decomposes these 
salts, evolving sulphurous 
and hydrosulphuric acid 
gases, with deposition of 

sulphur, and forming so- 
dium sulphate, which is 

deposited in crystals. The 
liquor thus prepared is next 
mixed with manganese di- 
oxide, and heated in an iron 
still lined with lead (fig. 176), when the iodine is evolved as a magnifi- 
cent purple vapour, which condenses in the globular glass or stoneware- 
receivers {aludels) in the form of dark grey scales with metallic 
lustre, and having considerable resemblance to black lead. The- 
liberation of the iodine is explained by the following equation — 
2M + MnOj + 2H2SOJ = Na,SO, + MnSO, + 2H,0 -1- 1 ,. 

When no more iodine passes over, some more manganese dioxide is 
added, and the bromine then distils. The quantity of bromine obtained 
is about one-tenth that of the iodine. A ton of kelp yields about 
10 lbs. of iodine. The crude iodine is re-sublimed to purify it, 

A farmore economical process for the treatment of sea-weed consists in distil- 
ling it, -when ammonia, acetic acid, naphtha, tar, and illuminating gas are- 
obtained, whilst a porous charcoal remains in the retort, which is treated with 
Avater in order to extract the iodides and other soluble salts. This charcoal some- 
what resembles animal charcoal in character, containing much phosphate and 
carbonate of calcium and magnesium ; it is useful as a decolorising and deodo- 
rising agent. In France the iodine is generally precipitated from the concentrated 
solution of kelp by passing chlorine into the solution. The precipitate is washed 
and re-sublimed. 

Iodine is now largely imported from Chili and Peru, where it is 
obtained from caliche, the crude nitrate of soda found in certain districts 

• The Laminaria dirfitata, or deep sea tangle, contains most iodine, amounting to 0.45, 
per cent, of the dried weed. 
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of those countries. In this mineral the iodine (about o.i pei cent.) 
occurs as sodium iodate {l^alO,) Avhich remains dissolved in the Avaton 
from which the sodium nitrate has been recrystallised for the marJcet. 
These mother liquors are mixed with a solution contaming sodium 
sulphite (Na^SOg) and sodium hydrogen sulplnto (NallSO,), wJieii the 
iodine is precipitated according to the equation 

aNalOj + sNaSOj + aNallSOj = jNa^SO, + I. + Iip. 

The precipitate is drained, pressed, and resublimed. 

Besides non-volahile matter (sand and calcium sulphate), which may be 
eliminated by resublimation, commercial iodine is liable to contain ^ chlorine, 
bromine, and cyanogen iodide. It may be freed from these volatile impurities 
by dissolving it in a strong solution of potassium iodide, precipitating it bj 
the addition of water and resubliming the_ dried precipitate after it has been 
mixed with barium oxide to complete its desiccation. 


The features of this element are extremely well marked : its metallic 
lustre and peculiar odour sufficiently distinguish it from all others, and 
the effect of heat upon it is very striking, in first easily fusing it (at 
114° 0 .), and afterwards converting it (boiling point, 184“ C.) into the 
most exquisitely purple vapour, which is nearly nine times as heavy as 
air (sp. gr. 8.72),* and condenses upon a cool surface in shining scales. 
Iodine stains the skin intensely brown. The specific gravity of solid 
iodine is 4.95. 

When iodine is shaken with cold water, a very small quantity is dis- 
solved (about 0.05 per cent.), forming a light-brown solution. Hot 
water dissolves a larger quantity, but alcohol is one of the best solvents 
for iodine, producing a dark red-brown solution from which part of the 
iodine may be precipated by adding water. A solution of potassium 
iodide also dissolves iodine freely {LugoV s solution ; liqum' iodi). Tincture 
of iodine contains iodine with half its weight of potassium iodide 
dissolved in alcohol. Benzene and carbon disulphide dissolve it abun- 
dantly, producing fine violet-red solutions, which deposit the iodine, if 
allowed to evaporate spontaneously, in minute rhombic octahedral 
crystals aggregated into very beautiful fern-like forms. If an extremely 
weak aqueous solution of iodine be shaken with a little carbon di- 
sulphide, the latter will remove the iodine from the solution, and, on 
standing, will fall to the bottom of the liquid, having a beautiful rose 
colour. By dissolving a large quantity of iodine in carbon disulphide, a 
solution is obtained which is perfectly opaque to rays of light, though it 
allows heat-rays to pass freely, and is therefore of great value in physical 
experiments. A solution of iodine in carbon tetrachloride is also used 
for the same purpose. 

Existing, as iodine does, in very minute quantity in the water from 
various natural sources, it would often be overlooked if the chemical 
analyst did not happen to possess a test of the most delicate description 
for it. Iodine, in the uncombined state, dyes starch of a beautiful blue . 
colour, as may be proved by heating a grain or two of the element with 
water, and adding to the cold solution a little thin starch (see p. 62), or 
by placing a minute fragment of iodine in a stoppered bottle, and sus- 
pending m it a piece of paper dipped in thin starch. This test, however, 
though sensitive to the smallest quantity of free iodine, gives no indica- 


5 The density of iodine vapour falls with. 
Principles). 


rise of temperature (see chapter on General 
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tion Avliatever "with iodine in combination, as it always exists in nature ; 
in order, therefore, to test for iodine, a little starch-paste is added to the 
suspected liquid, and then a drop of a weak solution of chlorine, which 
will set free the iodine, and cause the production of the blue colour. It 
is necessary, however, carefully to avoid adding too much chlorine, since 
it would immediately destroy the colour of the iodised starch : if this 
has been, done, a very little sulphurous acid will bring back the blue tint, 
which will be again bleached by more sulphurous acid.^ Alkalies also 
bleach it, and the colour of a mixture of the iodised starch with water is 
removed by heating, but returns in great measure when the solution 
cools. The starch appears to be only dyed by the iodine, and not 
combined with it ; on shaking the blue iodised starch for some time with 
OS„ the blue colour is removed, and the red solution of iodine in OS, is 
obtained. 

Though very closely connected with chlorine and bromine in its general 
chemical relations, there are several points in the history of iodine which 
cause it to stand out in marked contrast by the side of these elements. 
The attraction which binds it to hydrogen and the metals is certainly 
weaker than that exerted by chlorine and bromine, so that either of these 
is capable of displacing it from its compounds, and its bleaching properties 
are very feeble. Cl, uniting with H, produces 22,000 heat-units; Br 
produces 12,100, but I absorbs 6000. t Hence HI is much less stable 
than HBr or HCl. On the other hand, iodine exhibits a more powerful 
tendency to unite with oxygen ; for boiling nitric acid converts it into 
iodic acid (HIOJ, though this oxidising agent would not affect chlorine 
or bromine. Iodine is also capable of direct oxidisation by ozone. 

Iodine pentoxide, IjOj, is the only oxide of iodine which is known with 
certainty; it is the anhydride of iodic acid (H„0.I,05=2HI03), and is a white 
crystalline substance obtained by heating the acid". The product of the oxidation 
of iodine by ozone is a yellow deliquescent powder (formerly supposed to be 
IjOj), the exact composition of which has not been elucidated. 

Evidence has been obtained, from the existence of certain organic compounds, 
that iodine is able to form a base on the type of ammonia, y^en this base is 
isolated it will probably have the formula IH„ (OH), being the analogue of hydroxjd- 
amine NH, (OH). 

Some of the compounds of iodine with the metals are remarkable for their 
beautiful colours. The jnercurjc rod/de, produced by mixing solutions of potassium 
iodide and mercuric chloride, forms a fine scarlet precipitate, which dissolves in 
an excess of potassium iodide to a colourless solution. 

Lead iodide has a bright yellow colour, as may be seen by precipitating potas- 
sium iodide with a solution of lead acetate. The precipitate is dissolved by 
boiling with water (especially on adding a little hydrochloric acid), forming a 
colourless solution, from which the lead iodide crystallises in very brilliant golden 
scales on cooling. Silver iodide is produced as a yellow precipitate when silver 
nitrate is added to potassium iodide. The bromide and chloride of silver would 
form white precipitates. Silver iodide is more stable than the chloride or 
bromide ; when exposed to light it appears to be unchanged, but if a reducing 
agent, such as ferrous sulphate or pyrogallin, be afterwards poured over it, that 
portion of the iodide which has been exposed to light is immediately blackened, 
from the separation of silver in the metallic state. This is the principle of the 
process for developing the negative photograph taken on a collodion film rendered 
sensitive by silver iodide. The iodides of potassium, ammonium, and cadmium 
are also used in photography. 


* The following equations explain these changes : — 

(i) KI + Cl = KCl -f I ; (a) 1 + 3B0O + Ols = HIO., -f 5HOI ; 

(3) 2HIU, HaSOj = 5H2SO4 -h I2 -h HjO ; (4) lo + HoO + H2SO3 = 2HI + HoSOj. 
f These values are for liquid bromine and solid iodine. 
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126. Iodic acid, HIO3 or IO,(OH), is most easily prepared by boil- 
ing iodine with tbe strongest nitric acid in a long-necked basic, when it 

isdissolvedintbeformof iodic acid, which is left, on evaporating the 

nitric acid, as a white mass. This may be purified by dissohung in 
water and crystaUising, when the iodic acid forms white hexagonal tables, 
which have the composition HIO^-Aq. Heated to 266“ F. (130 0 .) 
they become HIO^, and at 360“ F. (182“ G.) the iodic acid is 
•decomposed into water and iodic anhydride, 2HIO3 = 11,0 + l,Oy This 
last is decomposed at about 700° F. (371** 0.) into iodine and oxygen. 
'The iodic anhydride oxidises combustible bodies, but not with any . 
great violence. The acid is far more stable than chloric or bromic 
-acid. Its solution first reddens litmus-paper, and afterwards bleaches it 
by oxidation. Its salts, the iodates, are less easily soluble in water 
than are the chlorates and bromates, which they resemble in their 
oxidising action upon combustible bodies. They are all decomposed by 
heat, evolving oxygen, and sometimes even iodine, showing how much 
inferior this element is to chlorine and bromine in its attraction for 
metals. 


Iodic acid forms acid potassium salts of the formulm KHI„Ob and KHjL, 0 ,, the 
existence of which, together with the fact that the acid readily yields an anhydride 
and water when heated (an uncommon reaction for a monobasic acid), and with 
other evidence, indicates that the acid is di- or even tri-basic. 

Periodates. — The periodates (such as AglOJ, analogous to the perchlorates, are 
known, but the simple acid HIO^ has not been isolated. Tihc periodic acid, HjIO,, or 
10(0115), is prepared as follows -.—Chlorine is passed through a solution of sodium 
iodate containing sodium hydroxide, whereupon the salt I0(0H)3(0Na)j crys- 
tallises from the solution; NaI03+3Na0H + Cb=2NaCl-(-I0(0H)3(0Na)„.* This 
sodium salt is dissolved in HNO, and AgNOj is added ; a brown precipitate of 
AgjHIOj is obtained. When this is dissolved in nitric acid and tbe solution is 
evaporated red crystals of AglO^.HjO separate, and by treating these with water 
H5IO5 passes into solution, whilst Ag,I„0„.3H„0 remains undissolved. Periodic 
• acid crystallises from this solution in ’colourless prisms; it decomposes when 
heated, yielding H, 0 , 0 and IjO,. A solution of the acid is a powerful oxidising 
agent. 

The periodates are referable to four types, termed respectively, the meta^salts, 
from the acid HIO^ or I03(0H) ; the meso-salts, from the acid H3IO. or 10 ., (OH), ; 
the para-salts, from the acid H5IO5 or lOCOH), ; and the dimeso-salts, from the 
•acid H or 2l0„(0H)3 - H„ 0 . It thus happens that a large number of these 
salts is known ; they are sparingly soluble. 


Wben iodine is dissolved in an alkali an iodide and an iodate are formed ; 
'6NaOH-f I,.= 5]SraI-l-NaI03-h3H0H. In tbe case of chlorine and 
bromine the analogous reaction yields a hypochlorite and a hypobromite 
respectively ; but the evidence for the existence of a hypoiodite in the 
alkaline^ solution of iodine is very feeble. When such an alkaline solu- 
tion of iodine is^ acidified, all the halogen is liberated, for the hydriodic 
acid and the iodic acid set free immediately react, the iodic acid 
• oxidising the hydriodic acid ; HIO, + sHI = 3HOH + Ig. 

127. Sydrogen iodide or hyd/t'iodic acid (III= 128 parts by weight = 
2 volumes).— Iodine vapour combines with hydrogen at 450'= 0. to form 
Wdrogen iodide. The gas is best prepared by decomposing water with 
lodme in the presence of phosphorus ; P + 13 + 4HOH = PO(OH) cHI 

p/niTN ^ proportion of iodine be used, Pl3d-3HOH = 

Jr(Uli -1- 3X11. 

fnvTo grms.) of potassium iodide are dissolved in erains 

s(or 3 c.c.) of water in a retort (fig. 177}, and 200 grains (or 13 grms.) of iodine are 
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added ; when tliis has dissolved, 10 grains (or 0.65 grm.) of amorphous phosphorus 
are introduced, and the mixture heated very gradually, the gas being collected by 
downward displacement in stoppered bottles, which must be placed in readiness, 
as the gas comes o 2 very rapidly. These quantities will fill four pint bottles 
with the gas. 

Hydrogen iodide is very similar in its properties to hydrogen chloride 
and bromide, fuming strongly in moist air, very readily absorbed by 

water, liquefied only under strong pres- 
sure, and solidified by extreme cold. It 
is much heavier, its specific gravity being 
4.44. If a bottle of hydriodic acid gas be 
placed in contact with a bottle containing 
chlorine or bromine vapour diluted with 
aii^fig. 143) the HI will be instantly de- 
composed, with separation of the beautiful 
violet vapour of iodine. The gas is de- 
composed by light at the ordinary tem- 

PreparatioVof hydriodic acid. perature and is dissociated when heated,* 

The aqueous solution of hydriodic acid 
is most conveniently prepared by passing hydrosulphuric acid gas 
through water in which iodine is suspended, HjS-bI,= 2HI-t-S, the 
separated sulphur being filtered off, and the solution boiled to expel 
the excess of hydrosulphuric acid. By this method it is not possible 
to obtain a solution of HI of greater sp. gr. than 1.56 (50 per cent. HI ; 
the strongest solution has a sp. gr. of 1.99), for a strong solution of 
hydriodic acid converts sulphur into H^S. 

The iodine is only able to decompose the H„S by virtue of the fact that the 
HI produced has an affinity for the water ; since this affinity diminishes as the 
liquid grows stronger, a period is soon reached when the dissolution of the HI 
in the water can no longer supply enough energy to enable the iodine to 
decompose the H„S. In other words, the reaction only occurs so long as it is 
exothermic, which will be the case until the heat produced by the dissolution 
of the HI in water is equal to that absorbed in the decomposition of the H„S by 
the iodine. 

Solution of hydriodic acid differs greatly from hydrochloric and hydro- 
bromic acids, in being decomposed by exposure to air, particularly in 
light, its hydrogen being oxidised and iodine separated, which dissolves 
in the liquid, and renders it brown. 

This tendency of the hydrogen of hydriodic acid to combine with 
oxygen renders that acid a powerful reducing agent. It is even capable 
of reducing sulphuric acid to hydrosulphuric acid — 

H„SO^ + SHI = H„S + 4 H „0 + I^, 

so that when potassium iodide is heated with concentrated sulphuric 
acid, hydrosulphuric acid is evolved in considerable quantity. It will be 
remembered that HCl does not reduce H,SO^, whilst HBr only reduces 
ittoH,S 03 . 

The action of hydriodic acid upon the metals and their oxides is 
generally similar to that of the other hydrogen acids. In organic 
chemistry, hydriodic acid is often employed for introducing b3"drogen 
into a compound ; thus, by heating benzene with hj’driodic acid it may 
be made to take up 6 atoms of hydrogen ; CgH^ -f- 6HI = C^Hj, + 1 ^,. Since 



* At 350° C. 17.3 per cent., at 394° C. 19.5 per cent., and at 448° 0 . 21.5 per cent, of 
the gas IS dissociated. 



NITROGEN IODIDE. 


197 


the attraction of iodine for hydrogen is so feeble, metalepsis does not 
occur between this halogen and hydrocai’bons. , . • • j- 

The circumstance that the organic compounds containing iodine are 
generally much less volatile, and therefore more manageable, than those 
of chlorine and bromine, leads to the extensive employment ot this 
element in researches upon organic substances. , 

When potassium is heated in a measured volume of gaseous bydri- 
odic acid, the iodine is removed, and the hydrogen occupies halt the 
original volume. Hence i volume of hydrogen is _ combmed with 
I volume of iodine vapour in 2 volumes of hydriodic acid. 

128. Compounds of cavhon and boron with iodine, analogous in com- 
position to the chlorine compounds of these elements, are known. They, 
are solids, it being generally the case that iodine compounds are less 
volatile than the corresponding chlorine compounds. 

Nitrogen iodide . — ^The action of chlorine, bromine, and iodine upon 
ammonia exemplifies the difference in their attraction for hydrogen ; for 
whilst chlorine and bromine, acting upon ammonia, cause the liberation 
of a certain amount of nitrogen, iodine simply removes two-thirds of 
the hydrogen, and itself fills up the vacancies thus occasioned, no 
nitrogen being liberated, NH3 + I^ = NHl2 + 2HI, the hydriodic acid 
thus formed combining ivith more ammonia to form ammonium iodide. 
Nitrogen iodide, NI3, is formed at the same time. 


It appears that when iodine is dissolved in dilute ammonia NH^I and hypo- 
iodoiis acid are formed ; ,NH3+L + H20 = NH4l-l-H0I. The hypoiodous acid then 
reacts with more ammonia to form nitrogen iodide; NH3 + 3HOI = Nl3+3HjO. 

To prepare the iodide of nitrogen, 20 grains (or 1.3 grm.) of iodine are rubbed 
to powder in a mortar and mixed with half a fluid ounce (or 14 c.c.) of strong 
ammonia : the mortar is covered with a glass plate, and after about half an hour 
the iodide of nitrogen is collected in separate portions upon four filters, which are 
allowed to drain and spread out to dry. The brown solution contains iodine dis- 
solved in ammonium iodide. 

. Another method consists in dissolving iodine in a mixture of hydrochloric with 
a little nitric acid, with the aid of heat, and adding ammonia, which decomposes 
the ICl in solution, and gives a black precipitate of the iodide of nitrogen. 


The iodide is a black powder, which explodes with a loud report 
even when touched with a feather, the violence of the explosion being 
accounted for by the sudden evolution of a large volume of gas and 
vapour from a small volume of solid. Even when allowed to fall from 
the height of a few feet upon the surface of water, it explodes if 
perfectly dry. In the moist state it slowly undergoes decomposition. 

When dry NH^ gas is passed over iodine the two combine. Severn, 
compounds, such as (NHg)^, being formed. 


forms two compounds with chlorine, monochloride (101) and 
iricklorule (IGI3). The former is obtained by passing dry chlorine over dry iodine 
until It becomes a red-brown liquid. Under certain conditions this becomes 
changed into a, solid modification. 

i he trichloride forms fine red needle-like crystals, and is produced when iodine 
or I13 driodic acid gas is acted upon with an excess of chlorine. IGl. has been 
11 octahedra by the spontaneous decomposition of ICl. The 

chlorides of iodine are decomposed by water, yielding HIO., HOI, and iodine. 

rom t le aqueous solution of IGl, ether extracts a yellow volatile compound 
having the composition ICl.HCl. i ^ 

crystalline solid resembling iodine, fusing at 36° 0. 
*separated^^°” partial decomposition. Water decomposes it, iodine being 
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FLUORINE. 

F=I9 parts by weight, 

130. The most ornamental mineral substance occurring in auy abund- 
ance in this country is known as Jiuor spar, Lerhyshire spar, or blue 
John {fluoride of calcium), and is found with several beautiful shades of 
colour — ^blue, purple, violet, or green, and sometimes perfectly colourless, 
either in large masses or in crj^stals, which have the form of a cube or 
of some solid derived from it. The use of this mineral as a flux in 
smelting ores dates from a very remote period, and from this use the 
name fluor appears to have been originally derived ; but we have no 
record of its chemical examination till about a century since, when 
Margraf found his glass retort powerfully corroded in distilling this 
mineral with sulphuric acid, and Scheele soon after announced that it 
contained lime and jiuoric acid. But though this chemist had fallen 
into the error to which analysts ai'e continually liable, of mistaking 
products for educts, his experiments, as they were afterwards perfected 
by Gay-Lussac and Thenard, deserve particular consideration. 

131. Hydrogen Jluoride (HE = 20 parts by weight = 2 volumes).^' — ^If 
powdered fluor spar be mixed with twice its weight of oil of vitriol, and 
heated in a leaden retort (fig. 17 8), the neck of which fits tightly into a 
leaden condensing-tube, cooled in a mixture of ice and salt, a colourless 
liquid distils over, and the residue in the retort is found to consist 
of calcium sulphate;! OaF^ + H^SO^^OaSO^-f- 2HE. The colourless 

liquid (hydrofluoric acid) possesses most 
remarkable properties; it is powerfully 
acid, fumes strongly in the air,' and has 
a most pungent UTitating odour. If the 
air is at all warm, the liquid begins to 
boil when taken out of the freezing mix- 
ture. Should the operator have the mis- 
fortune to allow a drop to fall upon his 
hand, it will produce a very painful sore. 
Pig, 178. even its vapour producing pain under the 

finger nails. Its attraction for water is 
so gi’eat, that the acid hisses like red-hot iron when brought in contact 
■with water. But its most surprising property is that of rapidly corroding 
glass, which has already been alluded to as noticed by Margraf. Experi- 
ment soon proved that great analogy existed between the properties of 
this new acid and those of hydrochloric acid ; and Ampere was led to 
believe that the acid was a hydrogen acid, containing a new salt radical, 
which he named fluorine ; the name of the acid was then changed from 
fluoric to hydrofluoric acid. 

This liquid has since been proved to be a solution of hydrofluoric acid 
in water ; for if it be distilled ufith phosphoric anhydride, which retains 
the water, it evolves hydrofluoric acid gas, which resembles hydrochloric 

* Tlio vapour density of hydrogen fluoride is 25.6 at 26.4° 0., and gradually dimiuishes 
until the temperature reaches 89° C., when it remains constant at 10; this shows that at 
temperatures below 89° 0, the molecule of this gas is more complex than is represented 
by the formula HP, but becomes HP at 89“ O. 

t The mineral kryolite (fluoride of aluminium and sodium) may be advantageously 
substituted for fluor spar, being more easily obtained in a pure state. 
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acid gas in fuming strongly on contact with moist air and being eagerly 
absorbed by water, but has a far more pungent odoim. . , , 

Pure hydrogen fluoride is prepared by heating dry hydrogen 

flumnde (EIHP,) to redness in a platinum still. It is then obtained as a 
colourless liquid, which bofls at 67“ F. (19“ 0.) and has the speciflc 
gravity 0.985 at 12“ 0 . It solidifies at - 102 0 . and melts again at 
- 92.° The pure acid scarcely affects metals, excepting potassium and 
sodium. It corrodes glass, however, rapidly, though its vapour has 
little action on glass unless moisture be present. It combines eagerly 
with sulphuric and phosphoric anhydrides, with great evolution of heat, 
a circumstance in which it resembles water, and differs altogether from 
its more obvious analogue, hydrochloric acid. It is also found that it 
combines energetically with the fluorides of potassium and sodium, 
precisely as water combines -with the oxides of those metals. ^ 

It is remarkable that the solution of hydrofluoric acid, in its concen- 
trated form, is not so heavy as a somewhat weaker acid. Thus the acid 
of sp. gr. 1.06 acquires the sp. gr. 1.15 on addition of a little water ; but 
on adding more water, its sp. gr. is again reduced. It would hence 
appear that the acid ofi.15 is ^ definite hydrate of hydrofluoric acid ; 
its composition corresponds with HF.cHjO. It distils unchanged at 
248° F. (120° 0 .). The solution is generally kept in bottles made of 
gutta-percha. 

The action of hydrofluoric acid upon metals and their oxides resembles 
that of hydrochloric acid. It dissolves all ordinary metals except gold, 
platinum, silver, mercury, and lead. Strange to say, it has but little 
action on magnesium. 

The property which renders this acid so useful to the chemist is its 
power of dissolving silica even in its most refractory form. When sand 
or flint reduced to powder is digested in a leaden or platinum vessel 
with hydrofluoric acid, it is gradually dissolved; and if the solution 
be evaporated, the whole of the silica will be found to have disappeared 
in the form of gaseous silicon tetrafluoride ; SiO, + 4H F = SiF^ + 2H2O. 
If the silica be combined with a base, the metal will be left as a fluoride 
decomposable by sulphuric or hydrochloric acid. This renders hydro- 
fluoric acid a most valuable agent in the analysis of the numerous 
mineral silicates which resist the action of other acids. 

The corrosion of glass by hydrofluoric acid is now easily explained, 
Ordinary glass consists of silicate of sodium or potassium combined with 
silicate of calcium or lead. The hydrofluoric acid attacks and removes 
the silica, and thus eats its way into the glass. 


In order to demonstrate the action of this acid upon glass, a glass plate is 
warmed sufficiently to melt wax, a piece of which is then rubbed over it, until the 
glass is covered with a thin and pretty uniform coating. Upon this a word or 
drawing may be engraved with a sharp point so that the lines shall expose the 
glass. The glass plate is then placed, wax downwards, over a leaden or platinum 
Uisn containing a mixture of fluor spar and strong sulphuric acid, exposed to a 
' cry gentle heat, and allowed to remain for a quarter of an hour ; the plate is 
tnen gently wanned to melt the wax, which may be wiped off with a little tow, 
wiien It will be found that the hydrofluoric acid evolved from the mixture has 
corroded those portions of the glass from which the graver had removed the 
vax. iiiis process IS applied to the marking of glass instruments. 

Ibe solution of hydrofluoric acid etches glass without deadening the 
surface, as is the case with the vapour ; but a solution of fluoride of 
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potassium or ammonium mixed "witli sulpliuric acid does produce a dead 
surface, and is much used for engi'aving on glass. An ink sold for 
writing on glass with a steel pen is composed of barium and, ammonium 
fluorides and sulphuric acid. 

132. Fluorine.— ^0 powerful is the attraction which this element 
possesses for other elements that only of late years, when appliances 
have been much improved, have chemists succeeded in isolating it. 
!For this purpose hydrogen fluoride is electrolysed. The liquid having 
been very carefully obtained pure, a little potassium hydrofluoride is . 
dissolved in it to improve its conducting power, and it is subjected to 
the action of the current in a U-tube of platinum, down the limbs of 
which the electrodes are inserted ; the negative electrode is a rod of 
platinum, and the positive is made of an alloy of platinum with 10 per 
cent, of iridium. The U-tube is provided with stoppers of fluor spar 
and platinum delivery tubes for the gases, and is cooled to — 23° 0. 
The gaseous fluorine which is extricated at the positive electrode may 
be freed from HF by passage over dry KF. The element is colourless, 
and possesses the properties of chlorine, but much more strongly 
mai’ked. It decomposes water immediately, seizing upon its hydrogen, 
and liberating oxygen in the ozonised condition ; it explodes witJi 
hydrogen, even in the dark, and combines, with combustion, with most 
non-metals, even with boron and silicon in their crystallised modifica- 
tions. Carbon, however, is not attacked by it. It also attacks the 
metals, but owing to the formation of a protective coating of metallic 
fluoride its action on these elements is less vigorous than might be 
expected. 

Fluorine can also be obtained by heating the tetrafluorides of certain 
metals (just as chlorine is evolved from their tetrachlorides). By this 
method the element has been prepared from the tetrafluorides of lead 
and of cerium. The great activity of the gas has rendered a detailed 
study of its properties difficult ; it appears, however, that its vapour 
density is slightly lower than 19, indicating that the gas contains free 
atoms, as well as molecules of Fj, at the ordinary temperature. This 
may account for its activity. 

Flum'ides . — Solutions of the fluorides of potassium and the other 
alkali metals corrode glass slowly, like hydrofluoric acid. The fluorides 
are capable of combining with the acid ; thus potassium fluoride forms 
KF.HF, which, wffien dry, is a convenient source of hydrofluoric acid 
gas when moderately heated. The only fluoride possessed of much 
practical interest beside the fluoride of calcium, is the mineral hryolite 
{Kpvos, frost), which is a double fluoride of aluminium and sodium 
(NajAlFg), found abundantly in Greenland, and valuable as a source of 
aluminium and soda. The to2)az contains fluorine, but in what form of 
combination is not certain; its other constituents are alumina and 
silica. Tourmaline also contains fluorine, together with alumina, silica, 
and FeO. In such minerals it is probable that the fluorine replaces 
part of the oxygen. 

Magnesium fluoride (MgF^) forms the mineral ,S'eZMe which is found, 
crystallised, in Savoy. Fluorides are also found, though in very small 
quantity, in sea water, and they have been discovered in plants and 
animals. ^ Human bone contains about 2 per cent, of calcium fluoride. 

iSTo compound of fluorine ■with oxygen is known. 
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133. Saicon tetrajluoride (811,= 104 parts by ^figbt = 2 volumes).— 
If a mixture of powdered fluor spar and glass be heated, m a test-tube 
or small flask, with concentrated sulphuric acid, a gas is evolved which 
has a very pungent odour, and produces thick white fumes m contact 
with the an* : * it might at first be mistaken for hydrofluoric acid, but it 
a gla^s rod or tube be moistened with water and exposed to the gas, the 
wet surface becomes coated with a white film, which proves, on examina- 
tion, to be silica. This result originated the belief that the gas consisted 
of fluoric (now hydrofluoric) -acid and silica ; but Davy corrected this 
view by showing that it really contained no oxygen, and consisted solely 
of silicon and fluorine. The gas is now called silicon tetraflnoride, and 
represents silica in which the oxygen has been displaced by fluorine . 
the change of places between these two elements in the above expeii- 
ment is represented by the subjoined equation — 

2 CaF„ + SiO„ + aHoSO^ = aCaSO^ + SiP^ + 2 H„ 0 . 

Fluor*^ Silica, Sulphuric acid. Calcium Silicon 

spar. sulphate, tetrafluorido. 

The formation of the crust of silica upon the wetted surface of the 
glass is due to a decomposition which takes place between the tetra- 
fluoride and the water, in which the oxygen and fluorine again change 
places; Sil}’^-V2ll20 = Si02 + 4HF.i- Since this latter equation shows 
that hydrofluoric acid is again formed, it would be expected that the 
glass beneath the deposit of silica would be found corroded by the acid ; 
this, however, is not the case, and when the experiment is repeated upon 
a somewhat larger scale, so that the water w'hich has acted upon the gas 
may be examined, it will be found to hold in solution, not hydrofluoric ■ 
acid, but an acid which has Kttle action upon glass, and is composed of 
hydrofluoric acid and silicon fluoride, so that the hydrofluoric acid pro- 
duced when water acts upon the fluoride, combines with a portion of the 
latter to produce the new acid aHF.SiF^, or H^SiF^, hydrofluo-silicic acid. 

Por the preparation of silicon tetrafiuoride, i oz. (or 30 grms.) of fluor spar and 
an equal weight of powdered glass are mixed together, and heated in a Florence 
flask, with 7 fl. oz. (or 200 c.c.) of oil of vitriol, the gas being collected in dry 
bottles by downward displacement (see fig. 165, p. 170). If a little of the gas be 
poured from one of the bottles into a flask filled up to the neck with water, the 
surface of the latter will become covered with a layer of silica, so that if the flask 
be quickly inverted, the water will not pour from it, and will seem to have been 
frozen. In a similar manner, a small tube filled with water and lowered into a 
bottle of the gas, will appear to have been frozen when withdrawn. A stalactite 
or silica some inches in length may be obtained by allowing water to drip gently 
from a pointed tube into a bottle of the gas. Characters written on glass with a 
wet brush are rendered opaque by pouring some of the gas upon them. 

134. Hydrofluo-silicic acid, (H2SiFg=i44 parts by weight). — This 
obtained in solution by passing silicon tetrafiuoride into water ; 

3S1F, -h 2H2O - 2H,SiF, -f Sio/ 

must not be passed directly into the water, lest the separated 
SI ica should stop the orifice of the tube, to prevent which the latter 

fusi^g^^ becomes solid at - 102° 0 ., and, at a higher temperature, evaporates without 

be noticed that the proportion of SiF4to HiO in this equation, representing 

cnnlrafnct together with water, so that the equations seem to 

stnnpps i^’^ if depends on the actual masses of water and other sub- 

^ temperature, whether SiF4 and H,0 can exist together 

of P ivUl each other. 'Fhe excess of sulphuric acid used in the manufacture 

of Sil4 will combine with the water, and will prevent it from decomposing the SipJ. 
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should dip into a little mercury at the bottom of the water, when each 
bubble, as it rises through’ the mercury into the water, will become 
surrounded with an envelope of gelatinous silica, and if the bubbles be 
very regular, they may even form tubes of silica extending through the 
whole height of the water. 

Crystals of H2SiFg.2Aq have been obtained by passing SiF^ into 
solution of HF. 

For preparing bydrofiuo-silicic acid, it will be found, convenient to employ a 
gallon stoneware bottle (fig. 179), furnished with a wide tube dipping into a cup 

of mercury placed at the bottom of 
the water, i lb. (or 500 grms.) of 
finely powdered fluor spar, i lb. of 
fine sand, and 64 measured ounces 
(or 2 litres) of oil of vitriol are intro- 
duced into the bottle, which is gently 
heated upon a sand-bath, the gas 
being passed into about 5 pints (or 3 
litres) of water. After six or seven 
honrs the water will have become 
pasty, from the separation of gela- 
tinous silica. It is poured upon a 
filter, and when the liquid has drained 
through as far as possible, the filter 
is wrung in a cloth, to extract the 
remainder of the acid solution, which 
will have a sp. gr. of about 1.07S. 

A dilute solution of hydrofluo- 
silicic acid may be concentrated 
by evaporation up to a certain 

Preparation oTfedroluo-silicic acid. to decom- 

pose, evolving fumes or silicon 

tetrafiuoride, hydrofluoric acid remaining in solution and volatilising in 
its turn if the heat be continued. Of course, the solution corrodes glass 
and porcelain when evaporated in them. If the solution of hydrofluo- 
silicic acid be neutralised with potash, and stirred, a very characteristic 
crystalline precipitate of potassium silico-fluoride (potassium fluosilicate) 
is formed — 

H„SiFg -f 2KOH = K„SiFg {Potassium silico-fluoride) -1- 2H„0. 

But if an excess of potash be employed, a precipitate of gelatinous 
silica will be separated, potassium fluoride remaining in the solution — 

, HoSiFg + 6 K 0 H = 6KF -f 4TT. 0 + SiO,„ 

One of the chief uses of hydrofluo-silicic acid is to separate the potas- 
sium from its combination with certain acids, in order to obtain these 
in the separate state. 

Tin and lead, which belong to the same group of elements as silicon 
(see “ Periodic Law ”), form fluostannatcs and Jluoplumbates, such as 
NajSriFg or 2NaF.SnF^, and KjPbFg or aKF.PbF^, analogous to the 
fluosilicates. 

135. Boron trifluoride (BF3) may be prepared by a process similar to that em- 
ployed for silicon fluoride, but it is also obtained by strongly heating a mixture 
of powdered boric anhydride with twice its weight of fluor spar in an iron tube ; 
SCaF., B.O, = 3CaO -f 2BF3. 

The boron fluoride is a gas which fumes strongly in moist air, like the silicon 
fluoride. It is absorbed eagerly by water, with evolution of beat. One volume 
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of water at o”C. is capable of dissolving ^057 volumes of boron Buonde,^^^^^ 
ducing a corrosive heavy liquid (sp. gr. 1.77), winch fumes ^ 

orgailc substances on account of its attraction for water. 
known as fluoboric or horqfluoric acid, and its formation is explained by 
eauation 2BP „+ 2H.,0 = B,0,.6HP {Fluoboric acid). _ 

When the solution is heated, it evolves boron fluoride, until its specific gravity 

is reduced to 1.58, when it distils unchanged. 

Hiidrofluoboric acid is obtained in solution by adding a ferge quantity of water 
to fluoboric acid; 2(BA-6HF) = H3BO,+3H.p + 3HBF, (Hydroy/aotonc acid). 

This acid resembles "the hydrofluo-silicic ; its hydrogen may be exchanged tor 
metals to form borojluorides. 


136. General review of chlorine, bromine, iodine, and Jluoi'ine.-—^h.Q^Q 
four elements compose a natural group, tLe rnembers of wkicli are 
connected by the similarity of their chemical propei'ties far more 
closely than those of any other group of elements. They are usually 
styled the halogens, from their tendency to produce salts resembling 
sea salt in their composition {aks, the sea), and such salts are called 
haloid salts. These elements are also called salt-radicles, from their 
property of forming salts by direct union Avitb the metals, liacb. of 
these elements is monatomic, and combines with an equal volume of 
hydrogen to form an acid w'hicb occupies the joint volumes of its 
constituents. 

The halogens also supply the most prominent example of the gi’ada- 
tion in properties observed among the members of the same natural 
group of elements. 

In the order of their chemical energy, that is, of the force with which 
they hold other elements in chemical combination with them, fluorine 
should stand first, its combining energy being so great as to cause a 
serious difficulty in isolating it ; chlorine would rank next, then bromine, 
and iodine last. 

The atomic weights follow.the inverse order of their chemical energies : 
fluorine, 19; chlorine, 35.5 ; bromine, 80 ; iodine, 127 — numbers which, 
of course, also represent their relative specific gravities in the state of 
vapour. 

A similar 'gradation is observed in their physical state and colour, 
fluorine being a colourless gas, chlorine a yellow gas, bromine a red 
liquid boiling at 58°. 7 O-j a.nd iodine a black solid boiling at 184° C. 

Even in the exceptions which occur to the order of chemical energy 
above alluded to, the same progression is noticed : thus fluorine has so 
little attraction for oxygen that no oxide is known ; chlorine has less 
attraction for oxygen than bromine (chloric acid being less stable than 
bromic), whilst bromine has less than iodine, which is capable even of 
uniting directly with ozonised oxygen. 

The compounds of these elements with hydrogen are all gases distin- 
guished by a powerful attraction for moisture and great similarity of 
° potassium salts all crystallise in the same (cubical) form. 

. ® , y®’: fl^'iovide is deliquescent and soluble in water ; the chloride 

is insoluble in water, but dissolves very easily in ammonia ; the bromide 
dissolves with some difficulty in ammonia ; and the iodide is insoluble, 
in some o^er particulars, fluorine stands apart from the other halogens ; 
tlius,_the fluoride of calcium is a very insoluble substance, whilst the 
^ bromide, and iodide are very soluble. Hydrofluoric acid forms 
JviiJjj, which corresponds in composition with KHO. 
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' It is notewortHy that these halogen elements are par excellence acid 
elements ; that is to say, not only their oxygen compounds but their 
hydrogen compounds exhibit acid properties. The carbon family gives 
neutral hydrogen compounds ; the nitrogen family gives basic hydrogen 
compounds, whilst the sulphur family gives feebly acid hydrogen 
compounds. 

SULPHUR. 

S = 32 parts by weight=i volume (at 1000° C.). 

137. Sulphur is remarkable for its abundant occurrence in nature 
in the uncombined state in many volcanic districts. It is also found, 
as sulphuretted hydrogen, in many minei’al waters, and very 
abundantly in combination with metals, forming the numerous ores 
known as sulphur ets or sulphides, of which the following are the most 
abundant : — 

Iron pyrites, Iron disulphide, FeS„ 

' Copper pyrites, Sulphide of iron and copper, CmS.FejSj 

Galena, Sulphide of lead, PbS 

Blende, Sulphide of zinc, ZnS 

Crude antimony. Sulphide of antimony, '“^bjSj 

Cinnabar, Sulphide of mercury, Hg"S. 

Sulphur is plentifully distributed also, in combination with oxygen 
and a metal, in the form of sulphates, of which the most conspicuous 
are — 

Gypsum, Sulphate of calcium, CaSO^.aHjO 

Heavy spar. Sulphate of barium, BaSO^ 

Celestine, Sulphate of strontium, SrSO^ 

Epsom salts. Sulphate of magnesium, MgS04.7H„0 

Glauber’s salt. Sulphate of sodium, NaoSO^-ioHjO. 

In plants, sulphur is also found in the form of sulphates, and as a 
constituent of the vegetable albumin (of which it forms about 1.5 per 
cent.) present in the sap. It is also contained in certain of the essential 
oils remarkable for their peculiar pungent odour, such as those of garlic 
and mustard. 

In animals, sulphur occurs as sulphates, as a constituent of albumin, 
fibrin, and casein (in neither of which does it exceed 2 per cent.), and 
in bile, one of the products from which, taurine, contains 25 per cent, 
of sulphur. 

For our supplies of sulphur we are chiefly indebted to SiciljL where 
large quantities of it are found in an uncombined state in beds of blue 
clay. Magnificent, crystalline masses of strontium sulphate are often 
found associated with it 3 the sulphur itself sometimes occurs in the 
form of transparent yellow octahedra, but more frequently in opaque, 
amorphous masses. The districts in which sulphur is found are usually 
volcanic, and those which border the Mediterranean are particularly 
rich in it. Sulphur has also been found in Iceland and Hew Zealand. 

The native sulphur, being commonly disti’ibuted in veins through 
masses of gj’-psum and celestine, has to be separated from these by the 
action of heat. When the ores contain more than 12 per cent, of 
sulphur, the bulk • of it is melted out, the ore being thrown into rough 
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furnaces or cauldrons with a little fuel, and smothered up with earth, 
s^as to prevent the combustion of the sulphur, which runs down in the 
Hquid state to the bottom of the cauldron, and is drawn ° 

n?oulds * But when the proportion of sulphur is } 

heated so as to convert the sulphur into vapour, which is condensed m 
another vessel. The operation is conducted in rows of earthen jais 



Fig. i8o. — Distillation of snlpliur. 


(A, fig. i8o) heated in a long furnace, and provided with short lateral 
pipes, which convey the sulphur into similar jars (B) standing outside 
the furnace, in which the vapour of sulphur condenses in the liquid 
state, and flows out into pahs of water. The sulphur obtained by this 
process is imported as rough suljyhur, and contains 3 or 4 per cent, of 
earthy impurities. In order to separate these, it is redistilled, in this 
country, in an iron retort (A, fig. 181), from which the vapour is con 



ducted into a large brick chamber (B), upon the sides of which it is 
deposited in the form of a pale yellow powder ( Jloioers of sulphur, or 
suhlimed sulpihur'). When the operation has been continued for some 


Higli. -svifti advantige for melting the sulphur out of 

the ores, which are enclosed m an iron vessel ; or the ores are heated in a boiler with a 
W chloride at 120“ O. The sulphur is sometimes extracted 

it -mth &arhon disulphide. "When sulphur ores containing calcium sulphate 
are distilled, part of the sulphur is lost as sulphur dioxide, which goes off as gas 

CaSO^ 4- So = CaS + 2SO0. 
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time, the walls of the chamber become sufficiently hot to melt the 
sulphur, which is allowed to collect, and afterwards cast in wooden 
moulds, forming voll sulphuv or brimstone. Distilled sulphur is obtained 
by allowing the vapour to pass from the retort into a small receiving- 
vessel (C) cooled by water, where it condenses in the liquid state : this 
variety of sulphur is preferred for the manufacture of gunpowder, for 
reasons which will be stated hereafter. 

Sulphur is readily distilled on a small scale in a Florence flask (fig. 182), 
another flask cut off at the neck being employed as a receiver. The flask con- 
taining the sulphur should be supported upon a thin iron wire triangle, and heated 

by a gauze burner, at first gently, and afterwards 
to the full heat. Flowers of sulphur will at first 
condense in the receiver, and will be followed by 
distilled sulphur when the temperature increases. 
A slight explosion of the mixture of sulphur vapour 
and air may take place at the commencement of 
the distillation. An ounce of sulphur may be dis- 
tilled in a few minutes. 

We are bj* no means entirely dependent 
upon Sicily for sulphur, for this element can 
be easily extracted from iron and copper py- 
Distillation of sulphur. rites, both of which are found abundantly in 

this country. 

Iron pyrites forms the yellow metallic -looking substance which is 
often met with in masses of coal, sometimes in distinct cubical crystals, 
and’ is to be picked up in large quantities on some sea-beaches, 
where it occurs in rounded nodules, rusty outside, but having a fine 
radiated metallic fracture. When this mineral is strongly heated, it 
gives up part of its sulphur ; at a very high temperature one-half of 
the sulphur may be separated, FeS, = FeS -f S, but by an ordinary 
furnace heat only about one-fourth can be obtained. The distillation 
of iron pyrites is sometimes effected in conical fireclay retorts, but is 
not now much practised. The sulphur obtained in this way has a green 
colour, due to the presence of a little sulphide of iron carried over 
mechanically during the distillation : in order to purify it, it is melted 
and allowed to cool slowly, when the sulphide of iron subsides : the 
upper portion of the mass is then further purified by distillation. 

Sulphur may also be obtained from copper pyrites (GujS.FeoSg) in the 
process of roasting the ore, previously to the extraction of the copper. 
The ore is heaped up into a pyramid, the base of which is about 30 feet 
square : a layer of powdered ore is placed at the bottom, to prevent too 
rapid access of air : above this there is a layer of brushwood : a wooden 
chimney is placed in the centre, and is made to communicate wth air- 
passages left between the faggots: around this chimney the large 
fragments of the ore are piled to a height of about 8 feet, and a layer 
of powdered ore, about 12 inches deep, is strewn over the whole. The 
heap contains about 2000 tons of pyrites, and will yield 20 tons of 
sidphur. The fire, being kindled by dropping lighted faggots down the 
chimney, burns very slowly, because of the limited access of air, and- 
after a few days sulphur is seen to exude from the surface, and is 
received in cavities made for the purpose in different parts of the heap. 
The roasting requires five or six months for its completion. In this 
operation a part of the sulphur has been separated by the mere action 
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of heat, and another part has been displaced by the oxygen of the air, 
which has converted a portion of the iron into an oxide. A part of the 
separated sulphur has been burnt, the rest havmg escaped combustion 

on account of the limited access of air. 

The sulphur extracted from pyrites is generally found to contain a 
little arsenic, which is frequently associated with^ those minerals. 
Immense quantities of sulphur are consumed in this country tor the 
manufactm’e of sulphuric acid, gunpowder, lucifer matches, vulcanised 
caoutchouc, and for making the sulphurous acid gas employed in bleach- 
ing processes. 

Much sulphur is now prepared from the sulphm’etted hydrogen from 
the tank-waste of the alkali works, and from the ammoniacal liquor of 
gas works, by a process which ivill be described in the manufacture of 
carbonate of soda. 

i^S. Properties of svlphur . — In its ordinary forms sulphur has a 
characteristic yellow colour, though milk of sulphur, or precipitated sul- 
phur (obtained by adding an acid to the solution of sulphur in an 
alkali), is white. It suffers electrical disturbance with remarkable' 
facility, so that when powdered in a dry mortar it clings to the] mortar 
with great pertinacity. 

Finely divided sulphur, especially sublimed sulphirr, is gradually 
oxidised and converted into sulphuric acid when exposed to moist air. 

One of the most remai'kable features of sulphur is its inflammability, 
due to its tendency to combine with oxygen at a moderately elevated 
temperature. It melts at 115° C. (239° F.), and 
inflames at about 260° 0 . (500° F.), burning with 
a pale blue flame and emitting the well-known 
suffocating odour of sulphurous acid gas (SO^). The 
changes in the physical condition of this element 
under the influence of heat are very extraordinary. 

If a quantity of sulphur be introduced into a 
Florence flask and subjected to a gradually in- 
creasing heat (fig. 183), it is soon converted into 
a pale yellow limpid liquid (120'’ 0.), the colour 
of which becomes gradually brown as the tempera- : 
ture rises, until, at about 180° 0., it is nearly black 
and opaque, and is so viscid that the flask may be Fig 

inverted without spilling it : at this point the tem- 
perature of the sulphur remains stationary for a time, notwithstanding 
thabit IS still over the flame, shomng that heat is becoming latent in con- 
verting the sulphur into the new modification. On continuing the heat the 
sulphur once more becomes liquid at 260° 0., though not so mobile as 
at hrst, and at a much higher temperatm’e, 440° 0 . (826° F.), it boils, 
and IS converted into a browiiish red, very heavy vapour : at this point 
of the experiment an explosion of the mixture of sulphur vapour with 

removed from the flame, 
.and a little of the sulphur poured into a vessel of water, through which 
It will descend in a continuous stream, forming a soft elastic string Hke 

cink remaining iri the flask will be observed, ^as it 

cools, to pass again through the same states, becoming viscid at 180° C 
and very liquid at 120° C.; another portion may nSw be po^d into 
water, through which it null faU i/ isolated d^ps, soM^^ng SS 
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yellow Lritfcle crystalline buttons of ordinary sulphur. As the portion of 
sulphur left in the flask cools, it will be found to deposit small tufts of 
crystals, and ultimately to solidify altogether to a yellow crystalline mass. 

The brown ductile sulphur, when kept for a few hours, will become 
yellow and brittle, passing, in great measure, spontaneously into the 
crystalline sulphur. The change is accelerated by a gentle heat, and is 
attended with evolution of the heat which the sulphur was found to 
absorb at i8o° 0 . Both these varieties of sulphur are of course in- 
soluble in water, and they are not dissolved to any great extent by 
alcohol and ether ; but these, when heated, Avill dissolve enough to be 
deposited in white sihnry needles on cooling. Glacial acetic acid also 
dissolves sulphur, and deposits it in needles. If the crystalline variety 
be shaken Avith a little carbon disulphide, it rapidly dissolves, and on 
allowing the solution to evaporate spontaneously, it deposits beautiful 
octahedral crystals, resembling those of native sulphim (fig. 184). Duc- 
tile sulphur, hoAvever, is practically insoluble in carbon disulphide. 

"When floAvers of -sulphur are shaken with carbon disulphide, a con- 
siderable quantity passes into solution, the remainder consisting of the 
amorphous, or insoluble sulphur. Boll sulphur dissolves to a greater 
extent, and sometimes entirely, in the disulphide, and distilled sulphur 
is always easily soluble. 

The soluble and insoluble forms of sulphur appear to represent 
distinct chemical varieties of the element. When a solution of hydrogen 
sulphide (H^S) is decomposed by the electric current the hydrogen, as 
would be expected, is separated at the negatiA^e pole, and the sulphur at 
the positive pole (p. 13). The sulphur, therefore, Avas the electro- 
negative element of the compound. This sulphur is soluble in carbon 
disulphide. When an acid is added to a solution of an alkaline sulphide 
containing more than one atom of sulphur, the excess of the latter is 
precipitated, and is then also found to be soluble in carbon disulphide; 
for it played an electro-negative part toAvards the metal Avith AA'hich it 
was in combination - 

When sulphurous acid is decomposed by the electric current, the 
sulphur is separated at the negative pole, shoAving that it played an 
electro-positive part in the sulphurous acid. This electro-positive sulphur 
is insoluble in carbon disulphide. The sulphur in the chloride of 
sulphur (S3CI,) also plays an electro-positive part, and accordingly Avhen 
this compound is decomposed by water, the sulphur Avhich separates is 
insoluble in carbon disulphide. The existence of these two forms of 
sulphur affords some support to the theory of the dual constitution of 
the elements noticed at p. 61 .* When a beam of solar light is thrown 
by a lens through a solution of sulphur in carbon disulphide, a pre- 
cipitation of insoluble sulphur takes place in the track of the beam. 

The electro-posithm sulphur AAmuld be expected to manifest a gi’eater 
attraction for ox^’-gen than does the electro-negatiAm A^-ariety, and accord- 
ingly it is found to be far more easily oxidised by nitric acid. Electro- 
positive or insoluble sulphur is couA’-erted into electro-negative or soluble 
sulphur by the action of a moderate heat, itself evolving heat during the 
process of conAmrsion : when melted in contact with sulphurous acid gas, 
the soluble sulphur is converted externally into the insoluble form. 

• It is stated that both soluble and insoluble amorphous sulphur are obtained in all the 
cases here quoted, and that the prevailing conditions determine which hand predominates. 
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Pigr. 184. 


Pig. 185. 


■ Orystalline or soluble sulphur is capable of existing in two clistmct 
formi The natural form of crystallised sulphur is derived from the 
octahedron with a rhombic base (ng. 184), and it is a modidcation ot 
this form which sulphur assumes when crystallised from its -solutions. 
But if sulphur be melted in a covered crucible, allowed to cool until the 
surface has congealed, and the remaining liquid portion poured out 
after piercing the crust (with two holes, one for admission ot air), the 
crucible will be lined ivith beautiful needles, which are derived from an 
oblique prism (fig. 185). These crystals are 
brownish-yellow and transparent, when 
freshly made, but they soon become op-aque 
yellow ; and although they retain their pris- 
matic appearance, they have now changed 
into minute rhombic octahedra, the change 
being attended with evolution of heat."*' On 
the other hand, if a crystal of octahedral 
sulphur be exposed for a short time to a 
temperature of about 230° E. (iio“ 0.), in 
a boiling saturated solution of common salt, 
for example, it becomes opaque, in consequence of the formation of a 
number of minute prismatic crystals in the mass. 

Both crystalline forms of sulphur may be obtained at the same tem- 
perature from mperfused sulphur, or from a supersaturated solution of 
sulphur in benzene, by dropping in a crystal of the form required. 

The difference between these two forms of crystalline sulphur extends- 

■ to their fusing points and specific gi-avities, the prismatic sulphur fusing 
at 248° F, (120° C.), and the octahedral sulphur at 239° F. (115° 0 .), the 
specific gravity of the prisms being 1.98, and that of the octahedra 2.05. 

Roll sulphur, when freshly made, consists of a mass of oblique pris- 
matic crystals, but after being kept for some time, it consists of octa- 
hedra, although the mass generally retains the specific gravity proper to 
the prismatic form. This change in the structure of the mass, taking 
place when its solid condition prevented the free movement of the 
particles, gives rise to a state of tension which may account for the 
extreme brittleness of roll sulphur. If a stick of sulphur he held in the 
wai-m hand, it often splits, from unequal expansion. These peculiarities 
of sulphur deserve careful study, as helping to elucidate the spontaneous 
alterations in the structure of glass, iron, &c., under certain conditions. 

Flowers of sulphur do not present a crystalline structure, but consist 
of spherical granules composed of insoluble sulphur enclosing soluble sul- 
phur’. Hot oil of turpentine dissolves sulphur freely, and when the solu- 
tion is allowed to stand, the crystals which are deposited whilst the solution 
^ prismatic form, but as it cools, octahedra ai-e separated. 

The following table exhibits the chief allotropic forms of sulphur : — 

Sp. gr. Fusing Point. In Carton Disnlpliide. 

I 2,05 115° 0. Soluble. 

. 1-98 120" Soluble. 


Octahedral 
Electro negative 
Prism.atic 
Ductile . 
Amorphous 
Electro-positive 


1.95 Becomes octahedral. 


Insoluble. 


and pfnsUc sXhtrTuto^fhl o\taSl variSy! 


O 
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The octahedral is by far the most stable of the three, and is the ulti- 
mate condition which the others a,ssume. Melted with a little iodine, 
sulphur remains amorphous when it solidifies and retains this form for 
some time. 

Other varieties of sulphur, such, as a black and a red modification, 
have been described, but they are of minor importance. A colloidal 
.variety, soluble in water, has been fopnd in the solution formed by pass- 
ing hydrogen sulphide through an aqueous solution of sulphur dioxide. 

Sulphur is capable of entering into direct combination with several 
pther elements. It unites with chlorine and with some of the metals, 
if finely divided, even at the ordinary temperature, and it is capable of 
combining at a high temperature with all the non-metals except nitrogen, 
and with nearly all the metals. 

A mixture of 5 parts of iron-powder (ferrum redactum) and 3 parts of flowers 
of sulphur will burn when kindled by a match, leaving a black mass of ferrous 
sulphide. Zinc-dust mixed with half its weight of sulphur also burns freely, 
leaving white zinc sulphide. 

The so-called Lemery's volcano was made by mixing iron filings with two-thirds 
of their weight of powdered sulphur, and burying several pounds of the moist 
naixture in the earth, when the heat evolved by the rusting of part of the iron 
provoked the energetic combination of the remainder with the sulphur, and the 
consequent development of much steam.* Firework compositions containing 
iron filings and sulphur may cause ignition if damp. 

Several metals may be made to burn in sulphur vapour, as in oxygen, by heat- 
ing the sulphur in a Florence flask, with a gauze burner, so as to keep the flask 
constantly filled with the brown vapour. Potassium and 
sodium, introduced in deflagrating spoons, take fire spon- 
taneously in-the vapour (fig. 186). A coil of copper wire 
glows vividly in sulphur vapour, and becomes converted 
into a brittle mass of sulphide of copper. When sulphur 
is exposed to sunshine in an atmosphere of hydride of 
antimony or arsenic, it becomes converted into hydro- 
sulphuric acid gas and sulphide of antimony or arsenic. 

Sulphur dissolves, though slowly, in boiling con- 
centrated nitric and sulphuric acids, being oxidised 
by the former into sulphuric acid, and by the latter 
into sulphur dioxide. It is far more rapidly con- 
verted into sulphuric acid by a mixture of nitric 
acid and potassium chlorate. The alkalies dissolve 
sulphur when heated, yielding yellow or red solu- 
tions which contain hyposulphites and sulphides of the alkali metals. 

There is a very general resemblance in composition between the com- 
pounds of sulphur and those of oxygen with the same elements. 

139. Influence of temperature upon the spedijic gravity of gases and 
'vapours . — The specific gravity of a gas or vapour being defined as its 
weight compared with that of an equal volume of dry and pure air at 
the same temperature and pressure, it might be supposed that so long 
as the temperatures were equal, their actual thermometric value would 
not infiuence the specific gravity. Indeed, with those gases and vapours 
which are condensible with difiiculty, this is actually the case. Thus, if 
equal volumes of oxygen and air be weighed, either at a low or a high 
temperature, provided their temperatures are the same, their wmghts 
^vill always stand to each other nearly in the ratio of 1.1057 : i. 

* lliisf-Joint cement is a mixture of 80 parts iron filings, 1 of sal ammoniac, and 2 of sul- 
phur, made into a paste with water; it is very useful for making the joints of iron tubes 
air-tight, for it sets into a hard cement, the iron combining with the sulphur. 




HYDROGEN SULPHIDE. 


2II 


But mtli many vapours it is found tliat if tliey be weighed at tempera- 
tures too nearly approaching to their condensing points, their specific 
aravities are much higher than they are found to bo at higher tempera- 
tures. Sulphur affords avorj’^ well marked instance of this. It boils at 
444° C., and if its vapour be weighed at a tempemture of 480 C., it is 
found to weigh 6.617 times as much as an equal volume of air at 480 C., 
so that it is 96 times as hea^'y as hydrogen, or i atoin of sulphur would 
•occupy volume. But if the vapour of sulphur be weighed at 1000° C., 
■it is found to weigh only 2.23 times as much as .an equal volume of air 
at the same temperature and pressure, so that it is only 32 times as 
heavy as hydrogen, and i atom of sulphur occupies i volume. 


Htdrogem Sulphide, on, HYDROSULpnunic Acid. 

HoS = 34 parts by weigbt=2 volumes. 

140, SulpMrretted hydrogen, or hydrogen siiljyJiide, or hydrosulgyhuric 
’ocid, has been already mentioned as occurring in some mineral waters, as 
-at Harrogate. It is also found in the gases emanating from volcanoes, 
sometimes amounting to one-fourth of their volume. It is a product of 
the putrefaction of organic substances containing sulphur, and is one of 
the causes of the sickening smell of drains, ifec. Eggs, which contain a 
•considerable proportion of sulphur, evolve sulphuretted hydrogen as soon 
as they begin to change, and hence the association between this g.os and 
the “ smell of rotten eggs." The same smell is observed when a kettle 
boils over upon a coke or coal fire, the hydrogen liber.ated from the 
water combining with the sulphur present in the fuel. 

Hydrosulphuric acid is also found among the products of destructive 
'•distillation of organic substances containing sulphur ; it was mentioned 
among the products from coal, in which it is for the most part combined 
with the ammonia formed at the same time, producing ammonium 
sulphide. 

It may be produced, though 
■not in large quantity, by the 
dkect union of hydrogen with 
■sulphur vapour at a tempera- 
ture about the boiling point 
•of the sulphur, or by passing 
•a mixture of sulphur vapour 
-and steam through a tube 
filled with red-hot pumice 
•stone (the lattei’ encouraging 
the action by its porosity). 

Hydrosulphuric acid is more 
readily formed by heating a 
-damp mixture of sulphur and 
wood charcoal, and may be 
-obtained .in large quantity by 
heating a mixture of equal 

hy^olen^ sulphur and tallow or paraffin wax, the latter furnishing the 
• Preparation of hydrosulphuric acid. — ^For use in the laboratory, where 
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it is very largely employed in testing for and separating metals, hydro- 
sulpliuric acid, is generally prepared by decomposing ferrous sulphide 
■with diluted sulphuric acid ; FeS + H,SO^ = HgS + reSO^. 

To obtain ferrous sulphide, a mixture of 3 parts of iron filings with 2 parts of 
flowers of sulphur is thrown, by small portions at a time, into an earthen crucible 
(A, fig. 187) heated to redness in a charcoal fire, the crucible being covered after 
each portion has been added. The iron and sulphur combine, with combustion, 
and when the whole of the mixture has been introduced, the crucible is allowed 
to cool, the mass of ferrous sulphide broken out, and a few fragments of it are 
introduced into a bottle (fig. 188) provided with a funnel tube for the addition 
of the acid, and a bent tube for conducting the gas through a small quantity of 
water, to remove any splashes of ferrous sulphate. From the second' bottle the 

gas is conducted by a glass tube with a caoutchouc 
joint, either down into a gas-bottle, or into water, or 
any other liquid upon which the gas is intended to act. 
The fragments of ferrous sulphide should be covered 
with enough water to fill the gas-bottle to about one- 
third, and, strong sulphuric acid poured by degrees 
through the funnel, the bottle being shaken until 
effervescence is observed. An excess of strong sul- 
phuric acid stops the evolution of gas by precipitating 
a quantity of white anhydrous ferrous sulphate, which 

Fig. 188. Preparation of coats the sulphide and defends it from the action of 

hydrosulphuric acid. the acid. 'When no more gas is required, the acid 

liquid should be at once poured away, leaving the 
fragments of ferrous sulphide at the bottom of the bottle for a fresh operation. 
The liquid, if set aside, will deposit beautiful green crystals of copperas or ferrous 
sulphate (FeSO^.yH^O). 

Since the ferrous" sulphide prepared as above generally contains a little metallic 
iron, the sulphuretted hydrogen is mixed with free hydrogen, which does not 
generally interfere with its uses. The pure gas may be prepared by heating 
antimonv sulphide (crude antimony) in a flask with hydrochloric acid — 

■ ‘ > SbjS, + 6HC1 = 3H„S + 2SbCl,. 

If hydrochloric acid be diluted with more than 6 molecules of water, it is not 
capable of decomposing the antimony sulphide ; hence, when the sulphide is 
heated with an acid somewhat stronger than this, the subsequent addition of 
water reprecipitates the antimony sulphide with the orange colour which it always 
presents when precipitated. 

Generally speaking, it is only the sulphides of the metals which evolve hydrogen 
from dilute acids which yield H„S when treated Muth acids ; thus copper and 
mercury which do not dissolve in HCl with evolution of H, yield sulphides which 
are not attacked by HCl. Antimony, however, is an exception to this statement. 

Properties of hyd/rosulplmric acid. — This gas is at once distinguished 
from all others by its disgusting odour. It is one-fifth heavier than 
air (sp. gr. 1 . 1 9 1 2 ). The gaseous state is not permanent, but a pressure of 
17 atmospheres is required to reduce it to a liquid (.sp. gr. 0.9), which is 
colourless, boils at — 62° C., and congeals to a transparent solid at - 85° 0 . 
"Water absorbs about three times its volume of sulphuretted hydrogen at 
the ordinary temperature ; both the gas and its solution are feebly acid to 
blue litmus-paper. The gas is very combustible, burning with a blue flame 
like that of sulphur, and yielding, as the chief products, water and sulphur- 
ous acid gas, H„S + 03 = HjO + SO, ; a little sulphuric acid (H^SO^) is also 
formed, and unless the supply of air be very good, some of the sulphur will 
be separated ; thus, if a taper be applied to a bottle filled with sulphuretted 
hydrogen, a good deal of sulphur will be deposited upon the sides. This 
combustibility of sulphuretted hydrogen is of the greatest importance in 
those processes of chemical manufacture in which this gas is evolved (as in 
the preparation of ammoniacal salts from gas liquors), enabling it to be 
disposed of in the furnace instead of becoming a nuisance to the neighbour- 
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liood. The gas causes fainting when inhaled in large quantity, and 
appears much to depress the vital energy when breathed for any length 
of time even in a diluted state. 

When dissolved in water, hydrosidphuric acid is slowly acted upon 
by the oxygen of the air (particular!}’^ in light), which converts its 
hydrogen into water, and causes a white deposit of (electro-negative or 
soluble) sulphur. 

This is a great drawback to the use of this indispensable chemical ' in the 
laboratory, since the solution of hydrosulphuric acid is so soon rendered useless. 
To obviate it as far as possible, the solution should be made either with boiled 
water (free from dissolved air), or with water which has alrcadj* been once 
charged with the gas and spoilt by keeping, for all the oxygen dissolved in this 
water will have been consumed by the former portion of gas. The gas should be 
passed through the water until, on closing the bottle with the hand and shaking 
violently, the pressure is found to act outwards, showing the water to be 
saturated with the gas. By closing the bottle with a greased stopper, and 
inverting it, the solution may be preserved for some weeks, even though 
occasionally opened for use. The solution in glycerin keeps better, and is sold 
as a reagent. 

In preparing the solution of hydrosulphuric acid, a certain quantity of the gas 
.always escapes absorption. To prevent this from becoming a nuisance, the bottle 
containing the water to be charged with gas may be covered with an air-tight 
caoutchouc cap having two tubes, through one of which passes the glass tube 
conveying the gas down into the water, and through the other, a tube con- 
ducting the excess of gas either into a gas burner, where it may be consumed, or 
into a solution of ammonia which will absorb it, forming the very useful 
' ammonium sulphide. 

Hydrogen sulphide is dissociated by a high temperature, just as water 
is. Concentrated nitric acid acts upon hydrogen sulphide, oxidising the 
hydrogen and a part of the sulphur, ammonium sulphate being found 
in the solution, and a pasty mass of sulphur separated. Chlorine, 
bromine, and iodine at once appropriate its hydrogen and separate the 
sulphur. Nitrous acid acts very readily upon hydrogen sulphide, yielding 
much ammonia ; HO'NO + 3H,S = NHj + 2H3O -h S3. 

In its action upon the metals and their oxides, hydrosulphuric acid 
resembles hydrochloric and the other hydrogen acids. Many of the 
metals displace the hydrogen and form metallic sulphides. This usually 
requires the assistance of heat, but mei'cury and silver act upon the 
gas at the ordinary temperature. Thus, if hydrogen sulphide be collected 
oyer mercury, the sml'ace of the latter becomes coated with a black 
.film of mercurous sulphide ; H^S + Hg, = Hg + Hg^S. In a similar way 
the stu’face of silver is slowly tarnished when exposed to air containing 
sulphuretted hydrogen, its surface being covered with a .black film of 
silver sulphide. It is on this account that silver plate is so easily 
b ackened by the air of towns. An egg-spoon is always blackened by 
tne sulphim Irom the egg. Silver coins kept in the pocket with lucifer 
matenes are blackened, from the formation of a little silver sulphide. 

e oiiginal brightne.ss of the coin may be restored by rubbing it with 
a solution of potassium cyanide, which dissolves the silver' sulphide. 

11c ion with strong ammonia will also remove the' tarnish, and its 
application is safer than that of the poisonous cyanide. 

eated in the gas, several metals displace the hydrogen from 
1. us, potassium acts upon it in a similar manner to that in which 
It acts upon water, forming TiydrosulfUde (KHS).' 

in lemoves the whole of the sulphur, from hydrosulphuric acid at a 



214 


SULPHIDES. 


moderate heat ; Sn + II,S = H„ + SnS. The hydrogen which is left may 
be measured, and thus the fact that two volumes of H^S contain twoi 
volumes of hydrogen may be demonstrated. 

When hydrosulphuric acid acts upon a metallic oxide, it generally 
converts it into a sulphide corresponding with the oxide, whilst the 
hydrogen and oxygen unite to form water. Lead oxide in contact 
with the gas yields black lead sulphide and water; PbO + H2S = 
PbS + HjO. Paper impregnated with a salt of lead is used as a test 
for the presence of this gas. Thus, if paper be spotted with a 
solution of lead nitrate (or acetate) it will indicate the presence of 
even minute quantities of hydrogen sulphide (in impure coal gas, for 
example) by the brown colour imparted to the spots ; Pb(N03)3 + ~ 

2 HN 03 + PbS. 

It is in this manner that paints containing white lead (lead carbonate) 
are darkened by exposure to the air of towns. Cards glazed with white 
lead, and engravings on paper whitened with that substance, suffer a 
similar change. Paintings, whether in oil or water-colours, in which 
lead is an ingredient, are also injured by air containing sulphuretted 
hydrogen. It has been found that such colours, damaged by the forma- 
tion of lead sulphide, are restored by the continued action of light and 
air, the black sulphide becoming oxidised and converted into the white 
sulphate, PbS -h 0 ^ = PbSO^. In the dark this restoration does not take 
place, so that it is often a mistake to screen pictures from the light by 
a curtain. 

The action of hydrosulphuric acid upon the chlorides and other haloid 
salts of the metals generally resembles its action upon the oxides of the 
same metals. 

Most of the sulphides of the metals, like the corresponding oxides, 
are insoluble in water, but many of the sulphides are also insoluble in 
diluted acids and in alkalies, so that when hydrosulphuric acid is 
brought into contact with the solutions of metals, it will often precipi- 
tate the metal in the form of a sulphide having some characteristic 
colour or other property by which the metal may be identided. 

Any solution of lead will give a tlach precipitate with solution of hydro- 
sulphuric acid, the lead sulphide being insoluble in diluted acids and in 
alkalies. 

A solution of antimony (tartar- emetic, the tartrate of antimony and potassium, 
for example), mixed with an excess of hydrochloric acid, gives an orange- 
coloured precipitate (SbHg) on adding hydrosulphuric acid ; but if another 
portion be mixed with an excess of potash before adding the hydrosulphuric 
acid, there will be no precipitate, for the antimony sulphide is soluble in 
alkalies. 

Cadmium chloride gives a brilliant yellmo precipitate of cadmium sulphide on 
adding hydrosulphuric acid. 

Zinc sulphate yields a white precipitate of zinc sulphide (ZnS), but if a little 
hydrochloric acid be previously added, no precipitate is formed, the zinc sulphide 
being soluble in acids. On neutralising the hydrochloric acid with ammonia, 
the zinc sulphide is at once precipitated. 

It is evident that, in a solution containing cadmium and zinc, the metals may 
be separated by acidifying the liquid with hydrochloric acid and adding excess 
of hydrosulphuric acid, which precipitates the cadmium sulphide only. On 
filtering the solution, and adding ammonia, the zinc sulphide is precipitated. 

Those sulphides which are soluble in the alkalies are often designated 
siilj)hur-acids, whilst the sulphides of the alkalies are suVphur-hases. 
These two classes of sulphides combine to form m^olmr-salts analogous 
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in composition to the oxygen-salts of the same metals. Thus, there- 
have been crystallised, the salts — 

Sodium snlphostannate 

,, sulphaatimoniate . . . . Na SbSa 
,, sulpharsenate Na^AsS^ 

Speaking generally, those- metals which give feebly acid oxides alse 
give feebly acid sulphides, whilst the sulphides which correspond with 
powerful bases are themselves basic, for H,S is not capable of completely 
neutralising the alkalies. 

The action of air tipon the suljyhides of the_ metals is often turned to 
account in chemical manufactures. At the ordinary temperature, the 
sulphides of those metals which form alkaline oxides (such as sodium 
and calcium), when exposed to the aii- in the presence of water, yield 
first, mixtures of the hydroxide and bisulphide, 2^0,8 + 0-i- 11,0 = 
2NaOH ; and afterwards the thiosulphate (hyposulpliite), 
Na2S3 + 0’3 = !Na,S303. This change is sometimes turned to account for 
the manufacture of sodium hyposulphite. 

When the metal forms a less powerful base with oxygen, the sul- 
phide is often converted into sulphate by exposure to moist air ; thus, 
CuS-}-0^ = CuS04, which is taken advantage of for the separation of 
copper from its ores. 

The black ferrous sulphide (FeS), when exposed to moist air, becomes 
converted into red ferric oxide, with separation of sulphur, aFeS + Oj = 
FcjOg + Sg, a change which enables the gas manufacturer to revive, by 
the action of air, the ferric oxide employed for removing the sulphuretted 
hydrogen from coal gas. 

When roasted in air at a high temperature, the sulphides correspond- 
ing with • the more powerful bases are converted into sulphates; thus, 
ZnS + 0 ^=ZnS 0 ^, which explains the production of zinc sulphate by 
roasting blende. But in most cases part of the sulphur is converted into 
sulphurous acid gas at the same time. Cuprous sulphide, for instance, is 
partly converted into cupric oxide by roasting, Cu„S -1- 0 ^ = 2 CuO -f- SO,, 
a change of great importance in the extraction of copper from its ores. 


141. Hydrogen persulphide. — The composition of this substance is not yet satis- 
factorily ascertained. The similarity of its chemical properties to those of 
hydrogen peroxide prompts the -wish that its formula may be H„S„. Some 
analyses, however, seern to lead to the formula H^S^, but since the persulphide 
IS a liquid capable of dissolving free sulphur, -which is not easily separated from 
it,_ -there is much difficulty in determining the exact proportion of this element 
with which the hydrogen is combined. 

When equal weights of slaked lime and sulphur are boiled with water, an 
orange-coloured liquid is formed, which contains calcium hyposulphite, calcium 
disulphide, and c^cium pentasulphide (CaSJ ; 3Ca0-t-S„=CaS,03+ 20883. 

. V hydrochloric acid is added to the filtered solution, an abundant pre- 
c^itanon of sulpnur occurs, and much hydrosulphuric acid is evolved; CaS„-f 
oa 01 ,-(-H„S-f S. But if the solution be poured by degrees into a slightly 
-warm mixture of hydrochloric acid with twice its bulk of water, and constantly 
s irred, a yellow heavy oily liquid collects at the bottom, which is the hydrogen 
persulphide ; CaS„-t2HCl=H2S„(?)-^CaCl,. The acid having been kept in excess, 
tne persulphide has been preserved from the decomposition which it suffered in 
•the presence of the alkaline solution in the former experiment. For the hydrogen 
persu phide very closely resembles the peroxide in the facility with which it may 
D decomposed into hydrosulphuric acid and sulphur ; it undergoes spontaneous 
ecomposition even in sealed tubes, and the hydrosulphuric acid then becomes 
ique ed by its own pressure. Most of the substances, the contact of which 
p omotes the decomposition of the hydrogen peroxide, have the same effect upon 
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the persulphide. This compound has a peculiar odour, which affects the eyes ; 
•of course, its vapour is mixed with that of hydrosulphuric acid resulting from 
its decomposition. Its specific gravity is 1.73. 

Oxides op Sulphur. 

■ 142. Only two important compounds of sulphur with oxygen have ' 
been obtained in the separate state — viz., sulphurous anhydride (SOj) 
•and sidphuric anhydride (SOJ. Sulphur sesquioxide (S^Oj) and per- 
■sulphuric oxide (SgOj) also exist. 

Sulphur Dioxide or Sulphurous Anhydride. 

S 0 „ = 64 par ts by weight = 2 volumes. 

143. In nature, sulphur dioxide (sulphurous acid gas) is but rarely 
met with ; it exists in the gases issuing from volcanoes. Although con- 
•stantly discharged into the air of towns by the combustion of 'coal (con- 
taining sulphur), it is so easily oxidised and converted into sulphuric 
acid that no considerable quantity is ever found in the atmosphere. 
•Sulphurous acid gas has been already mentioned as the sole product of 
the combustion of sulphur in dry air or oxygen,* but it is generally 
prepared in the laboratory from sulphuric acid, by heating it with a 
metallic copper — 

2H„S0^ (sulphuric acid) + 0 u = CuS04 (copper sulphate) + 2H„0 + SO„. 

300 grains (or 20 grms.) of copper clippings are heated in a Florence flask with 
4 fl. oz. (or no c.c.) of strong sulphuric acid, the gas being conducted by a bent 
tube down to the bottom of a dry bottle closed with a perforated card (see 
fig- 165, p. 170). fciome time wili elapse before the gas is evolved; for sulphuric 
acid acts upon copper only at a high temperature ; but when the evolution of gas 
fairly commences, it will proceed very rapidly, so that it is necessary to remove 
the flame from under the flask. The gas will contain a little suspended vapour of 
•sulphuric acid, which renders it turbid. 

■\Vhen the operation is finished, and the flask has been allowed to cool, it will 
be found to contain a grey crystalline powder at the bottom of a brown liquid. 
The latter is the excess of sulphuric acid employed, and retains very little copper, 
•since cupric sulphate is insoluble in strong sulphuric acid. If the liquid be poured 
off, and the flask filled up with water, and set aside for some time, the crystalline 
powder will dissolve, forming a blue solution of sulphate of copper, yielding that 
salt in fine prismatic crystals by evaporation and cooling. The dark powder 
remaining undissolved after extracting the whole of the sulphate, consists chiefly 
■of cuprous sulphide (Cu„S), the production of which is interesting, as showing how 
far the de-oxidising effect of the copper m;iy be carried in this experiment. 

Sulphur dioxide is a very heavy (sp. gr. 2.25) colourless gas, charac- 
terised by its odour of burning brimstone. It condenses to a clear liquid 
at 0° F. (the temperature of a mixture of ice and salt, — 18° 0.) even at 
the ordinary pressure of the air, and has been frozen to a colourless 
crystalline solid at — 105° F. ( — 76° C.). The liquid has the sp. gr. 1.45 
at — 20° C. ( — 4° F.), and bods at — 8° 0 . 

The liquefaction of the gas is easily exhibited by passing it down to the bottom 
of a tube (A, fig. 189) closed at one end, and surrounded with a mixture of 
pounded ice with half its weight of salt. The tube should have been previously 
drawn out to a narrow neck at B, which may afterwards be sealed by the blow- 
pipe, the lower part of the tube being still surrounded by the freezing mixture. 
The tube need not be very strong, for at the ordinary temperature the vapour 
exerts a pressure of only 2. 5 atmospheres. Liquid sulphur dioxide is a conve- 
nient agent for producing (by its rapid evaporation) the low temperature ( - 39° F.) 

• According to Berthelot, a notable quantity of SO3 is produced at the same time. 
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required to effect the solidification of mercury- A small globule of this metal 
may readily be frozen by dropping some liquid sulphur dioxide upon it in a 
“Ich glass placed in a strong draught of air The tube containing the sulgiur 
dioxide should be held in a ivoollen cloth or glove. The attractive expeiinient of 
freezing water in a red-hot crucible may also be made with the liqiiia. A 
platinum crucible being heated to redness, and some 
liquid sulphur dioxide poured into it, from a tube 
which has been cooled for half an hour in ice and 
salt, the liquid becomes surrounded with an atrno- 
sph’ere of sulphurous acid gas, which prevents its 
contact with the metal (assumes the spheroidal state), 
and its temperature is reduced by its own evaporation 
to so low a degree that a little water allowed to flow 
into it will at once become converted into opaque ice. 

Liquid SO., is employed in freezing machines. The 
temperature — 220° E- ( — 140° C.) is obtained by the 
evaporation of a solution of solid CO; in liquid SO;. 

This mixture was employed in liquefying oxygen, and 
nitrogen under very high pressure. 

Sulphurous acid gas is very easily absorbed by 
water, as may be shown by pouring a little water Fig. 189. 

into a bottle of the gas, closing the bottle with 

the palm of the hand, and shaking it violently (see fig. 157, p. 164), 
when the diminished pressure due to the absorption of the gas will 
cause the hottle to he sustained against the hand by the pressure of the 
atmosphere. Water absorbs 43.5 times its bulk of the gas at the ordi- 
nary temperature. The solution is believed to contain sulphurous acid, 
HjSOg, formed by the reaction H,0 ■+• SO; = H^SOg, but this body has 
not been obtained in the separate state. If the solution be exposed to 
alow temperature, a crystallised hydrate is obtained, the composition 
of which does not appear to be accurately settled. When the solution 
of sulphurous acid is kept for some time in a bottle containing air, its 
smell gradually disappears, the acid absorbing oxygen and becoming 
converted into sulphuric acid. 

Sulphur dioxide, like carbon dioxide, possesses in a high degree the 
power of extinguishing flame. A taper is at once extinguished in a 
bottle of the gas, even when containing a considerable proportion of air. 
One of the best methods of extinguishing burning soot in a chimney 
consists in passing up sulphurous acid gas by burning a few ounces of 
sulphur in a pan placed over the fire. 

The. principal uses of sulphurous acid gas depend upon its property of 
bleaching many animal and vegetable colouring matters. Although a far 
less powerful bleaching agent than chlorine, it is preferred for bleaching 
silks, straw, wool, sponge, isinglass, baskets, &c., which would be injured 
y the^ great chemical energy of chlorine. The articles to be bleached 
aie moistened with water and suspended in a chamber in which sulphur- 
ous acid gas is produced by the combustion of sulphur. The colouring 
i appear in general to be decomposed by the acid, but 
ra. ei to form colourless combinations with it, for in course of time the 
oiigina colour often reappears, as is seen in straw, flannel, &c., which 
^ ecome yellow from age, the sulphurous acid probably being oxidised 
in 0 su phuric acid. Stains of fruit and port wine on linen are con- 
veniently removed by solution of sulphurous acid. 

fdistnipfl boiling a few chips of logwood with river water 

pronerties nf .snlnU ^ ^ colour) serves to illustrate the bleaching 

properties of sulphurous acid. A few drops of the solution of the acid will at 
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once change the red colour of the solution to a light yellow; hut that the ' 
colouring power is suspended, and not destroyed, may be shown by dividing the 
yellow liquid into two parts, and adding to them, respectively, potash and diluted 
sulphuric acid, which will restore the colour in a modified form._ To contrast 
this with the complete decomposition of the colouring 
matter, a little sulphurous acid may be added to a weak 
solution of the potassium permanganate, when the splendid 
red solution at once becomes perfectly colourless, and 
neither acid nor alkali can effect its restoration. 

If a bunch of damp coloured flowers be suspended in 
a bell-jar over a crucible containing a little burning sul- 
phur (fig. 190), many of the flowers will he completely 
bleached by the sulphurous acid ; and by plunging them 
afterwards into diluted sulphuric acid and ammonia, 
their colours may he partly restored with some very 
curious modifications. 

Another very useful property of sulphurous 
Fig. 190. acid is that of arresting fermentation (or putre- 

faction), apparently by killing the vegetable or 
animal gro'wth which is the cause of the fermentation. This is 
commonly designated the antiseptic or antizymotic property of sulphur- 
ous acid, and is turned to account when casks for wine or beer are sul- 
phured in order to prevent the action of any substance contained in the 
pores of the wood, and capable of exciting fermentation, upon the fresh 
liquor to be introduced. If a little solution of sugar be fermented with 

yeast in a flask provided with a funnel 
tube (fig. 191), a solution of sulphurous 
acid poured in through the latter will at 
once arrest the fermentation. The salts of 
sulphurous acid (sulphites) are also occa- 
sionally used to arrest fermentation, in the 
manufacture of sugar, for instance. Clothes 
are sometimes fumigated with sulphurous 
acid gas to destroy vermin, and the air of 
rooms is disinfected by burning sulphur in 
it, 4 lbs. of sulphur being recommended for 
every 1000 cubic feet of space. 

The disposition of sulphurous acid to absorb oxygen and pass into 
sulphuric acid, renders it a powerful de-oxidising or reducing- agent. 
Solutions of silver and gold are reduced to the metallic state by sul- 
phurous acid and sulphites. As usual, however, the reducing power of 
sulphur dioxide is only a comparative phenomenon. Towards several 
substances sulphurous acid will behave as an oxidising agent, a note- 
worthy case being its reaction with hydrogen sulphide, which (in 
presence of water) takes place in the sense of the equation, 211,8 -b SO,= 
2H,0-bS3. 

An aqueous solution of stannous chloride gives a precipitate of stannic sulphide 
with sulphurous acid. 

If a solution of sulphurous acid be heated for some time in a sealed tube to 
150° C., one portion of the acid de-oxidises another, sulphur is separated, and 
sulphuric acid formed ; 3H„S03= 2H,S04 -b H „0 -b S. 

Sulphurous acid gas combines with ammonia gas to form two solid compounds, 
(NHjl^SO, and NHj.SO,. 

The unsaturated character of SO,, finds illustration in the fact that chlorine 
combines with an equal volume of the gas, under the influence of bright sunshine, 
or in presence of charcoal, to produce a colourless liquid, the vapour of which is 
very acrid and irritating to the eyes. This is the chloranhydride of sulphuric 
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acid, sulphimil chloride, SO..CL. (p. 1S7). Its decomposition by water takes place 
in two stages: (i) S0:Ci: + H ,;0 = B 0 ,.C 1 . 0 H + HCl; {2) SO^.Cl.OH + Hprr 
SO„.()H.OH + HCl; the final products being sulphuric and hydrochloric acids, so 
that the formula SO„.OH.OH for sulphuric acid is justified. The chloride of 
thionyl,*' or sidfhurosyl chloride, SOCL, is a colourless volatile liquid obtained by 
the action of sulphurous acid gas on phosphorus pentachloride. It is decomposed 
by water, yielding hydrochloric and sulphurous acids. 

Potassium and sodium, when heated in sulphur dioxide, burn vividly, producing 
the oxides and sulphides of the metals. Iron, lead, tin, and zinc are also con- 
verted into oxides and sulphides when heated in the gas ; S 0 ._, + Zn3=ZnS + 2ZnO. 


SuljjMtes. — The acid character of sulphurous acid is rather feeble, 
although stronger than that of carbonic acid. There is much general 
resemblance between the sulphites and carbonates in point of solubility, 
the sulphites of the alkali metals being the only salts of sulphurous 
acid which are freely soluble in water. Sulphui’ous acid, SO(OJEI)2, 
being dibasic like carbonic acid, forms two classes of salts, the normal 
sulphites (for example, sodium sulphite, NajSOg) and acid sulphites (as 
hydrogen potassium sulphite, KHSO3). 

tSodmm sic^Mte is extensively manufactured for the use of the paper- 
maker, who employs it as an aniichlore for killing the bleach, that is, 
neutralising the excess of chlorine after bleaching the rags with chloride 
of lime (see p. 178) • Na,S03 + H^O + Ch = Na^SO, + 2HCI. 

It is prepared by passing sulphurous acid gas over damp crystals of 
sodium carbonate, when carbonic acid gas is expelled, and sodium sul- 
phite formed, which is dissolved in water and crystallised. It forms 
oblique prisms, having the composition Na3S03.7Aq, which effloresce in 
the air, becoming opaque, and slowly absorbing oxygen, passing into 
sodium sulphate (NajSO^). Its solution is slightly alkaline to test- 
papers. 

Por the manufacture of sodium sulphite the sulphurous acid gas is 
obtained either by the combustion of sulphur or by heating sulphuric 
acid with charcoal ; 2H3SO, -b 0 = 2 H ,0 -f CO3 -f 2SO„. The carbon di- 
d^^^^d°^ jiot interfere with this application of the sulphur 


snlphurosyl chloride, SO.CL, and its behaviour with water 
frnm ^ . ^*?^^^.SO(OH)„for sulphurous acid. There is some evidence, derived 
game chemistry (see Sidphonic Acids), that the metallic sulphites are not 

derived from SO(OH)., but from an acid of the form S which may 

parent substance of the sulphonic acids, and may therefore be 
not potassium sulphite is supposed to be aS.OK.K. and 

diffpr in' potassium-sodium sulphites have been prepared which 

Solntimi nf +^1,^^^ and appear to be O.H.OK.Na and 02S.0Na.K respectively, 
such ^ ®o’phites absorb nitric oxide in the cold, yielding nitrosulphates, 

reSc^NO to^N 0''’'“ K2SO3.2NO. At higher temperatures the sulphites 


SuijPhuric Acid, or Hydrogen Sulphate. 

H„SO^ or S0„(0H)2=98 parts by weight. 

centuries ago, the alchemist Bash Yalentine 
vitriol, as it was then called (sulphate of iron), to dis- 
TI1P 1?°’ obtamed an acid liquid which he named oil of vitriol. 
process discovered by this laborious monk is even now in use at 


©eiop, siiXjplmr 
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ITordliausen in Saxony, and the Nordhausen oil of vitriol is an impor- 
tant article of commerce. The crystals of ferrous sulphate (FeS04.7HjO) 
are exposed to the air so that they may absorb oxygen, and become 
converted into the basic ferric sulphate — 

6 FeS 0 , + 03 = 2Fe.,(S0j3.Fe303. 

This salt is partially dried, and distilled in earthenware retorts, 
when a mixture of sulphuric acid and sulphuric anhydride distils over, 
.and is sent into commerce as Nordhausen or fuming sulplmric add; 
T’ej(S0^4)3 -f- cHjO = FejOg -f- 2lI,S0^ + SO3. The ferric oxide 
which is left in the retorts, is the red powder known as colcothar, which 
is used for polishing plate glass and metals. 

The green vitriol employed for preparing the Nordhausen acid is obtained from 
iron pyrites (FeSj). A particular variety of this mineral, idldte pyrites (or efflorescent 
pyrites), when exposed to moist air, undergoes oxidation, yielding ferrous sulphate 
and sulphuric acid; FeS_. + H_, 0 -t 0 ,=FeS 0 ,-f H^SO^. 

Large masses of this variety of pyrites in mineralogical cabinets may often be 
seen broken up into small fragments, and covered with an acid efflorescence of 
ferrous sulphate from this cause. Ordinary iron pyrites is not oxidised by 
1 exposure to the air unless it be first subjected to distillation in order to separate 
a portion of the sulphur which it contains. 

Fuming sulphuric acid is now made in England by dissolving sulphuric 
anhydride in about twice its weight of oil of vitriol. In order to procure the 
sulphuric anhydride, oil of vitriol is decomposed by a high temperature 

into steam, sulphurous acid gas. and’oxygen ; the vapour of water is removed by 
passing the gases through oil of vitriol, and the S 0 „ and 0 are caused to combine 
by passing them over hot platinised asbestos. The fuming acid is kept in vessels 
of tinned iron, upon which it has no action. 

An acid containing 45 per cent, of SO3 is solid at the ordinary temperature 
because it contains the compound H^SO^.SOj, which melts at 35° 0 . This is pt/ro- 
sulphuric acid, or anhydrosidphuric add, H„S, 0 , ; it may be regarded as SO3 which 
has insufflcient^water to form HjSO^ (H^SjOg), and since the acid chloride SjOjCh 
(formed by the action of excess of PCI5 oii HEOJ exists, its constitution may be 

represented as j fh® chloride being . An acid containing a 

0=S<OH 0^S<C1 

larger proportion of SO3 remains liquid at low temperatures. 

The Nordhausen acid is re.tdily distinguished from English sulphuric 
acid by its fuming in the air when the bottle is opened. This is due 
to the escape of a little vapour of sulphuric anhydride. It is heavier 
than the English acid, its specific gravity being 1.9. It is chiefly used 
for dissolving indigo in preparing the Saxony blue dye, also in making 
alizarine, and is a convenient source of the anhydride; for if it be 
gently heated in a retort, the anhydride is disengaged, and may be con- 
densed in silky crystals in a receiver kept cool by ice, whilst ordinary 
sulphuric acid (H,SOJ is left in the retort. 

The first step towards the discovery of our present process was also 
made by "Valentine, when he prepared his oleum sulpJmris per cam- 
jjanum, by burning sulphur under a bell-glass over water, and evaporat- 
ing the acid liquid thus obtained. The same experimenter also made 
a very important advance when he burnt a mixture of sulphur, antimony 
sulphide, and nitre under a bell-glass placed over water ; but it was not 
until the middle of the eighteenth century that it was suggested by some 
French chemists to burn the sulphur and nitre alone over water; a 
process by which the acid appears actually to have been manufactured 
upon a pretty large scale. The substitution of large chambers of lead 
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foi’ glass vessels by Dr. Roebuck was a great improvement on the pro- 
cess, and about the year 1770 the preparation of the acid formed an 
important branch of manufacture; since then the process has been 
steadily improving until, at the present time, upwards of 100,000 tons 
are annually consumed in Great Britain, and a very large quantity is 
exported. The diminution in the price of oil of vitriol well exhibits the 
progress of improvement in its pi’oduction, for the original oil of su^yhur 
appears to have been sold for about lialf-a-crown an ounce, and that 
prepared by burning sulphur with nitre in glass vessels at the same 
price per pound ; but when leaden chambers were introduced, the price 
fell to a shilling per pound, and at present oil of vitriol can be pur- 
chased at the rate of five farthings per pound. 

The description of the present process of manufacture will be best 
understood after a consideration of the principles of the chemical 
changes upon which it depends. 

It has been seen that when sulj)hur is burnt in air sulphur dioxide 
is produced. When this acts on nitric acid, in the presence of Avater, 
sulphuric acid and nitric oxide are pi’oduced, 3SO2+ 2in;?Ojj+ 2HjO = 
3H,S04 + 2N0.* The nitric oxide, in contact with air becomes nitric, 
peroxide, N0 + 0 = l\02, which, in the presence of HoO, serves to con- 
vert a further quantity of SO^ into H^SO^, SO„ + NO, + HjO = 
HjSO^ + NO; nitric oxide is thus regenerated and serves to convert 
more SOj into sulphuric acid if the requisite quantities of air and steam 
be supplied, the two last equations being repeated. 


When the supply of steam is deficient, nitrosj'l sulphate is found deposited in 
crystals (chamber crystals) in the sulphuric acid chambers. This has been formed 
according to the equation 2BO., + 2 N 0„ + 0 + H.p = 2S0„. OH. ON 0 . In the presence 
of a further quantity of SO,, and H„() the nitrosyl sulphate is decomposed thus^— 
2 S 0 „. 0 H. 0 N 0 + SO., + 2H.,0 = 3H,S0^ + 2NO. 

It is generally believed that these two equations represent the reactions in the 
chamber rather than those quoted above. 

It appears, therefore, that NO may be employed to absorb oxygen 
from the air and to convey 
it to the SOj, so that, theoreti- 
cally, an unlimited quantity 
of sulphur might beconverted 
into sulphuric acid by a given 
quantity of .NO, with a suffi- 
cient supply of air and steam. 

The actual reactions in- 
volved in this process have 
received much attention and 
a full discussion of the pro- 
babilities will be found in 
Avorlis on sulphuric acid 
manufacture. 


^ To illustrate the chemical prin- 
ciples of the manufacture of sul- 



Fig. 192. — Preparation of sulphuric acid. 


^ . vji. SUi- 

whidi arenaLedT^^'i f 192) is fitted with a cork through 

sulnhuric acid foi 1 connected with a flask (D) containing copper and strong 
sulphunc acid for evolving SO,; ( 6 ) a tube connected with a flask (B) containin| 

ovorffl°hSbfen°shoTn'‘£S of nitrogen produced ; since, how- 

that nitric oxide is the nria! r compound can only exist at low temperatures, the view. 

1 uniic oxiae IS the oxide formed in the chambers is here adopted. - 
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copper and diluted nitric acid (sp. gr. 1.2) for supplying nitric oxide ; (c) a tube 
proceeding from a small flask (E) containing water. 

On heating the flask containing nitric acid and copper, the nitric oxide passes 
into the globe and combines with the oxygen of the air,^ Ailing the globe with 
a red mixture of nitric peroxide and nitrous anhydride. The nitric oxide flask 
may then be removed. Sulphur dioxide is then generated by heating the flask 
containing sulphuric acid and copper ; the sulphur dioxide will soon decolourise 
the red gas, the contents of the globe becoming colourless, and the crystalline 
compound forming abundantly on "the sides ; the sulphur dioxide flask may then 
be removed. Steam is sent into the globe from the flask containing water, when 
the crystalline compound will be dissolved, and sulphuric acid will collect at the 
bottom of the globe. 

If the experiment be repeated, the steam being introduced simultaneously with 
the sulphur dioxide, no crystalline compound whatever will be formed, the sulphur 
dioxide being at once converted into sulphuric acid. 

Since the cork is somewhat corroded in this experiment, it is preferable to have 
the mouth of the flask ground and closed by a ground glass plate, perforated with 
holes for the passage of the tubes. The perforations are easily made by placing 
the glass plate flat against the wall and piercing it with the point of a revolving 
rat’s-tail flle dipped in turpentine ; the file is then gradually worked through the 
hole until the latter is of the required size. 

The process employed for the manufacture of English oil of vitriol 
will now be easily understood. 

A series of chambers (about 100 ft. x 20 ft. x 20 ft,, shown in trans- 
verse section at F, fig. 193), is constructed of leaden plates, the edges of 
which are united by autogenous soldering (that is, by fusing their 
edges without solder, which would be rapidly corroded by the acid 
vapours). The bottom or saucer (G) of the chamber is not attached to 
the upper portion or curtain (P), the sulphuric acid which collects in 
the saucer serving to seal the communication between the interior of 
the chamber and the outer air. A framework of timber supports the 
curtain. 

The sulphurous acid gas is generated by burning iron pyritesf or sul- 
phur in suitable furnaces ( A) adjoining the chambers, and so arranged 
that the gas produced may be mixed with about the proper quantity of 
air to furnish the oxygen required for its conversion into sulphuric acid. 

Nitric acid vapour is evolved from a mixture of sodium nitrate and 
oil of vitriol (see p. 144) contained in iron nitre pots (C) which are- 
heated by being placed in the flue (B), leading from the pyrites burners 
to the chamber, so that the nitric acid is carried into the chambers 
with the current of sulphurous acid gas and air (through D). 

Jets of steam are introduced at different parts of the chambers 
from an adjacent boiler. 

The sulphurous acid gas acts upon the nitric acid vapour, in the 
presence of the water, forming nitric oxide and sulphuric acid, which 
rains down into the water on the floor of the chambers. If the NO 
were permitted to escape from the chambers, and a fresh quantity of 
nitric acid vapour introduced to oxidise another portion of sulphur 
dioxide, 2 molecules (170 parts by weight) of sodium nitrate would be 
required to furnish the nitric acid for the conversion of 2 atoms (64 
parts by weight) of sulphur, whereas, in practice, 4 parts by weight 
only of nitrate are employed for 96 parts of sulphur. 

The nitrogen of the air takes no part in the change ; and since the 

* The operation ie, of course, more striking if oxygen is employed instead of air, the 
globe in fig. 192 being filled with oxygen by displacement at the commencement, 

■J* FeS" -b Oil = FeoOs -b 
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oxygen consumed in converting tlie sulphur into sulphuric acid is ac- 
coSanied by four times its volume of nitrogen, a very lar^e accumula- 
tion of this gas takes place in the chambers, and provision must be 
made for its removal in order to allow space for those gases which take 



part in the change. The obvious plan would appear to be the erection 
of a simple chimney for the escape of the nitrogen at the opposite end 
of the chamber to that at which the sulphurous acid gas and air enter 
it, and this plan was formerly adopted ; but the nitrogen carries off 
with it a portion of the oxides of nitrogen which are so valuable in the 
•chamber, and to save this the escaping nitrogen is now generally passed 
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througli a leaden cliamber (Gay-Lussac’s tower) (H) filled with perfor- 
ated stoneware plates, through which oil of vitriol (sp. gr. 1.72) is 
allowed to trickle : the oil of vitriol absorbs the nitrogen oxides, and 
flows into a cistern {acid egg), from which it _ is forced up, by air 
pressure, to a cistern (K) at the top of another chamber (Glover’s 
tower) (E) packed with acid-proof bricks, through which the hot sul- 
phurous acid gas and air are made to pass as they enter, when they 
take up the nitrogen oxides from the “ nitrous vitriol,” and carry them 
with them into the chamber. 

A saving of over 50 per cent, of the weight of sodium nitrate used is 
thus efiected. 

The sulphuric acid is allowed to collect on the floor of the chamber 
until it has a specific gravity of about 1.6, and contains 70 per cent, 
of oil of vitriol (HjSOj). If it were allowed to become more concen- 
trated than this, it would both attack the lead and absorb some of the 
oxides of nitrogen in the chamber, so that it is now drawn off. 

This acid is quite strong enough for some of the applications of sul- 
phuric acid, particularly for that which consumes the largest quantity in 
this country, viz., the conversion of common salt into sodium sulphate 
as a preliminary step in the manufacture of carbonate of soda. To save 
the expense of transporting the acid for this purpose, the vitriol chamhers 
form part of the plant of the alkali works. 

To convert this weak acid into the ordinary oil of vitriol of commerce, 
it is run off into shallow leaden pans set in brickwork and supported on 
iron bars over the flue of a furnace, where it is heated until so much water 
has evaporated that the specific gravity of the acid has increased to 1.72. 
The concentration cannot be carried further in leaden pans, because 
the strong acid acts upon the lead, and converts it into sulphate — 
2H„S0, + Pb = PbSO^ + 2H,,0 + SO„. 

When a Glover’s Tower is used the whole of the chamber acid is 
passed down the tower together with the nitrous vitriol. The chamber 
acid is thus concentrated by the heat of the furnace gases to sp. gr. 1.72, 
and the gases are at the same time cooled. 

The acid of 1.72 sp. gr. contains about 80 per cent, of true oil of 
vitriol, and is largely employed for making superphosphate of lime, and 
in other rough chemical manufactures. It is technically called hroion 
acid (brown oil of vitriol, B.O.V.), having acquired a brown colour from 
organic matter accidentally present in it. 

To convert this brown acid into commercial oil of vitriol, it is boiled 
down, either in glass retorts or platinum stills, when water distils over, 
accompanied by a little sulphuric acid, and the acid in the retort becomes 
colourless, the brown carbonaceous matter being oxidised by the strong 
sulphuric acid, with formation of carbonic and sulphurous acid gases. 
When dense white fumes of oil of vitriol begin to pass over, showing 
that all the superfluous watei- has been expelled, the acid is drawn off by 
a siphon. The strongest acid obtainable by this process still contains 
about 2 per cent, of water, formed by the decomposition of some of the 
HjSO^ into 11,0 and SO3, which escapes as vapour. 

The cost of the acid is very much increased by this concentration. It cannot 
be conducted in open vessels, partly on account of the loss of sulphuric acid, 
partly because concentrated sulphuric acid absorbs moisture from the open air 
even at the boiling point. The loss by breakage of the glass retorts is very con- 
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siderable although it is reduced as far as possible by heating them in sand, and 
keeping them always at about the same temperature by supplying them with hot 
acid. But the boiling point of the concentrated acid is very high (640° ^., 338° C.), 
and the retorts consequently become so hot that a current of cold air or an 
accidental splash of acid will frequently crack them at once. Moreover, the acid 
hoi]^ with siiccnssion or violent bumping, caused by sudden bursts of vapour, which 
endanger the safety of the retort. 

With platinum stills the risk of fracture is avoided, and the concentration may be 
conducted more rapidly, the broivn acid (sp. gr. 1.73) being admitted at the top, 
•and the oil of vitriol (sp. gr. 1.84) drawn off by a platinum siphon from the 
bottom of the still, which is protected from the open fire by an iron jacket. But 
since a platinum still costs ^^2000 or ;^3000, the interest upon its value increases 
the cost of production of the acid. It is stated to be economical to protect the 
platinum from the slight action of the vitriol on it by a lining of gold, which is 
■less attacked. 

When the perfectly pure acid is required, it is actually distilled over so as to 
leave the solid impurities (sulphate of lead, &c.) behind in the retort. Some frag- 
ments of rock crystal should be introduced into the retort to moderate the bursts 
•of vapour, and heat applied by a ring gas-burner wdth somewhat divergent jets. 

Commercial sulphuric acid is liable to contain nitrogen oxides, lead sulphate, 
arsenic (from the iron pyrites burnt in the kilns), and iron. Arsenic-free acid 
may be made by passing H„S through the diluted acid, filtering off the precipitate 
•of AS..S3, and concentrating. It is generally made, however, by using sulphur in 
the Idlns in place of pyrites. Nitrogen oxides are eliminated by adding a little 
■ammonium sulphate during concentration; N0-bN0„ + {NHj)„S04 = N,-bHjS0^-P 
3H„0. To eliminate iron and lead sulphate the acid must be distilled. 


Properties of oil of vitriol . — The properties of concentrated sulphuric 
■acid are very characteristic. Its great weight (sp. gr. 1.84),**'' freedom 
from odour, and oily appearance, distinguish it from any other liquid 
•commonly met with, which is fortunate, because it is difficult to preserve 
■a label upon the bottles of this powerfully corrosive acid. Although, if 
absolutely pure, it is perfectly colourless, the ordinary acid used in the 
laboratory has a peculiar grey colour, due to traces of organic matter. 
Its high boiling point, 338° 0 . (640° F.) has been already noticed ; it 
must be added that vapour of H^SO^ is not evolved by the ebullition 
hut the products of ite dissociation, H^O -f SO3. When acid of 1 00 per 
cent, strength is heated it begins to (apparently) boil at 290° 0. and 
loses until its strength has fallen to 98 per cent., when both water 
and SO3 distil over and condense together in the receiver. The vapour 
is perfectly transparent in the vessel in which the acid is boiled ; as soon 
as it issues into the air it condenses into voluminous dense clouds of a 
most imtating; description. Even a drop of the acid evaporated in an 
■open dish wiU fill a lai’ge space with these clouds. Oil of vitriol solidifies 
when cooled^to about _ - 34“ ( - 30°^.) though pure H^SO, melts at 

10 .5 y. (51 F,). Oil of vitriol rapidly corrodes the skin and other 
-01 game extures upon which it falls, usually chai’ring or blackening 
em a he same time. Poured upon a piece of wood, the latter speedily 
assumes a ark brown colour ; and if a few lumps of sugar be dissolved 
in a very ittle water, and stirred with oil of vitriol, a violent action 
a J^es p ace, and a semi-solid black mass is produced. This property of 
u p mi 1C aci IS turned to account in the manufacture of blacking, in 

vitriol are employed. These efiects are to be 
n f o TV rv \ attraction of oil of vitriol for water. Woody 

^ ^ ® \ G lol^s) (which composes the bulk of wood, paper, and Hnen), 


* Tho acid containing 07.7 
1.S412: 99 per cent., 1.8403; 


per cent, has tho highest sp. gr. 1.8413 ; that of g8 per cent., 
99-47 per cent., 1.8395; 100 per cent., 1.8384. 
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and sugar may be regarded, for tbe purpose of this explana- 

tion, as composed of carbon associated ■with 5 and 1 1 molecules of water, 
respectively, and any cause tending to remove the water would tend to 
eliminate the carbon. 

' The great attraction of this acid for water is shown by the high 
temperature (often exceeding the boiling point of water) produced on, 
mixing oil of vitriol with water, which renders it necessary to be careful 
in diluting the acid. 


The water should be placed in a jug, and the oil of vitriol poured into it in a 
thin stream, a glass rod being used to mix the acid with the water as it flows in. 
Ordinary oil of vitriol becomes turbid when mixed with water, from the separatibn 
of lead sulphate (formed from the evaporating pans), which is soluble in the 
concentrated, but not in the diluted acid, so that if the latter be allowed to stand 
for a few hours, the lead sulphate settles to the bottom, and the clear acid may 
be poured off free from lead. Diluted sulphuric acid has a smaller bulk than is 
occupied by the acid and water before mixing. 

The heat evolved on combining one gram-molecule of HoSOj with one gram- 
molecule of water amounts to 69.7 gram-units. Decreasing quantities of heat are 
evolved for successive additions of water, until 200 gram-molecules of water have 
been added. 

The heat thus evolved must be regarded as equivalent to a chemical affinity 
exerted between the acid and water ; several compounds of sulphuric acid with 
water have been crystallised. The most notable of these is HoSO^.HoO, cor- 
responding' with an acid of sp. gr. 1.78; it is called dihydrated sidphuric acid 
(SOj.aHoO), in contradistinction to oil of vitriol,- which is monohydrated suljjliuric 
acid (Sdg.HjO) ; it solidifies to a mass of ice-like crystals at 8° C., and on this 
account is called glacial sulplmric acid. When sold instead of oil of vitriol it may 
be recognised by its freezing in winter. The hydrate H„ 80 j. 2 H „0 corresponds with 
the maximum contraction which occurs when H^SOj and water are mixed, and with 
an acid of sp. gr. 1.63 ; it is called trihydrated sidplmric acid or ortliosulphurio acid. 

The so-called “ solidified sidphuric acid” is sodium hydrogen sulphate saturated 
with sulphuric acid. 


Even when largely diluted, sulphuric acid corrodes textile fabrics 
very rapidly, and tbougb the acid be too dilute to appear to injure them 
at first, it will be found that the water evaporates by degrees, leaving 
the acid in a more concentrated state, and the fibre is then perfectly 
rotten. The same result ensues at once on the application of heat ; thus, 
if characters be written ^on paper with the diluted acid, they will remain 

invisible until the paper is held to the 
fire, when the acid will char the paper, 
and the writing will appear intensely 
black. 

If oil of vitriol be left exposed to 
the air in an open vessel, it very soon 
increases largely in bulk from the 
absorption of water, and a fiat dish 
of oil of vitriol under a glass shade 
(fig. 194) is frequently employed in 
the laboratory for drying substances 
without the assistance of heat. The 



Eig. 194. — Desiccator for drying 
over oil of vitriol. 


drying is of coui’se much accelerated by placing the fb'.c!li on the plate 
of an air-pump, and exhausting the air from the shade, so as to efiect 
the drying in vacuo. It will be remembered also that oil of mtriol is 
in constant use for drying gases. 

At a red heat, the vapour of oil of vitriol is decomposed into watei’, 
sulphur dioxide, and oxj’^gen ; H^SO^ = 11,0 + SO^ + 0. 
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When sulphur is boiled with oil of Autriol, the latter gradually dis- 
solves the melted sulphur, converting it into sulphur dioxide— 

S + 2H.SO, = 3SO,, -F 2H„0. 

All ordinary metals are acted upon by concentrated sulphuric acid 
when heated, excej)t gold and platinum (the latter does^ not quito 
escape when long boiled with the acid), the metal being oxidised by one 
portion of the acid, which is thus converted into sulphur dioxide, the 
oxide reacting with another part of the sulphuric acid to form a 
sulphate. Thus, when silver is boiled with strong sulphuric acid, it is 
converted into silver sulphate, which is soluble in hot water — 


Ag„ + 2 H„S 0 ^ = Ag„SO, + 2 H „0 + SO„. 

Should the silver contain any gold, this is left behind in the form of a 
dark powder. Sulphuric acid is extensively employed for the separation 
or parting of silver and gold. This acid is also employed for extracting 
gold from copper, and when sulphate of copper is manufactured by 
dissolving that metal in sulphuric acid (see p. 216), lai-ge quantities of 
gold are sometimes extracted from the accumulated residue left undis- 
solved by the acid. If the sulphuric acid contains nitric acid, it dissolves 
a considerable quantity of gold, which separates again in the form of a^ 
purple powder when the acid is diluted with water, the sulphate of gold, 
formed being reduced by the nitrous acid when the solution is diluted. 


Some of the uses of sulphuric acid depend upon its specific action on 
certain organic substances, the nature of which has not yet been clearly 
explained. Of this kind is the conversion of paper into vegetable parch- 
ment by immersion in a cool mixture of two measures of oil of vitriol 
and one measure of water, and subsequent washing. The conversion is 
not attended by any change in the weight of the paper. 

Proof of the composition of sulphuric acid . — 10 grammes of sulphuric acid are 
neutralised hy 22.7 grms. of PbO, when heated, giving off 1.82 grms. of H „0 and 
leaving 30.9 grms. of lead sulphate. Hence sulphuric acid contains 2.02 per cent, 
of H. 10 grms. galena (PbS), containing 8.66 Pb and 1.34 S, when converted into 
lead sulphate (PbSO^) by nitric acid, yield 12.68 grms.. Hence 12.68 grms. lead sul- 
phate contain 1.34 S and 2.68 0 , being the difference between the lead sulphate 
and the lead sulphide. The 30.9 grms. of lead sulphate furnished by 10 grms. of 
sulphuric acid would therefore contain 3.26 S and 65.2 0 , so that 100 parts of 
sulphuric acid contain 2.02 H, 32.6 S, and 65.2 O, which numbers, divided by the 
atomic ^yelghts, give 2 a,toms of H, i atom of S, and 4 atoms of 0 . The mole- 
cular weight of sulphuric acid cannot be deduced from the sp. gr, of its vapour 
because it is dissociated into H „0 and SO,. But it yields with KOH two salts 
one containing an atom of K'and an 

atom of the other containing; two ^ 

, Hence these salts must be ((' 

KHSO., and 1 CS 0 „ and the molecule of R il 

the acid must be H..SOj. „ i 

145. .^nliydrous sulphuric acid:, or b c y IP 
sulphuric anhydride, or sulphur iri- 1 I iri! ©0 

oxide (SO 3 = 80) . — Sulphurous acid t^, | j 1 

and ^oxygen gases combine to form 
sulphuric anhydride when passed 
through a tube containing heated Fig. 195. 

platinum or certain metallic oxides, 

such as those of iron and chromium, the action of which in promoting 
the combination is not thoroughly understood. 

shown by passing oxygen from the tube A (fig. 195), 
with a gas-holder, through a strong solution of sulphurous acid (B), so 
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that it may take up a quantity of S 0 „ ; afterwards through a tube ( 0 ) con- 
taining pumice-stone soaked with oil of vitriol, to remove the water ; and then 
through a bulb (D) containing platinised asbestos (see p. 153). The mixture of 
the gases issuing into the air is quite invisible, but when the bulb is gently heated, 
■combination takes place, and dense white clouds are formed in the air, from the 
combination of the sulphuric anhydride (SO3) produced, with the atmospheric 
moisture. The clouds are best shown by conducting them, through a bent tube 
attached to D, into a large flask. 

Pure sulphur trioxide, prepared by repeated distillation out of con- 
tact with moistui’e, is a mobile liquid which crystallises when cooled, 
in long transparent prisms like nitre, which fuse at i4°.8 C. and boil 
at 46° 0 . The commercial product, which has absorbed a little water, 
forms an opaque crystalline mass which fuses with great difficulty. 
When sulphuric acid in small quantit}'^ is added to this, it dissolves it, 
and on cooling to 8° C. crystals of H2S0^.3S03 are deposited. When 
more HoSO^ is added, it forms pyrosidphuric acid, HjSO^.SOj or 
HjS.O, (m.p. 35° C.). _ . ■ 

It has been stated that pure SO3 is capable of alteration in its fusing 
point without any absorption of water. It can dissolve much SO^. 

When exposed to air, sulphur trioxide gives off strong white fuines 
•caused by the combination of its vapour with the moisture of the air. 
It deliquesces in a short time, and becomes sulphuric acid — 

SO3 + H „0 = HjSO^. 

When thrown into water, it hisses like red-hot iron, from the sudden 
formation of steam. The vapour is decomposed, as mentioned above, 
into . sulphurous acid gas and oxygen, when passed through a red-hot 
tube. Phosphorus burns in its vapour, combining with the oxygen 
and liberating sulphur. Baryta glows when heated in the vapour of 
sulphuric anhydride, and combines with it to form barium sulphate, 
unless both be quite dry. 

Sulphuric anhydride is capable of combining with olefiant gas (C,II^) 
and similar hydrocarbons, and absorbs these from mixtures of gases. 
In the analysis of coal gas, a fragment of coke wetted with Nordhausen 
.sulphuric acid is passed up into a measured volume of the gas ■ standing 
over mercury to absorb these illuminating hydrocarbons. SO3 also 
combines with HCl, forming SOj.Ol.OH, which may also be obtained by 
distilling sulphuric acid with phosphoric chloride — 

3S0.,{0H)3 + PCI. = 3(S0„.C1.0H) + PO„.OH> 2HCI. 

An interesting method of obtaining the sulphuric anhydride consists 
in pouring 2 parts by weight of oil of vitriol over 3 parts of phosphoric 
anhydride, contained in a retort cooled in ice and salt, and afterwards 
distilling at a gentle heat, when the phosphoric anhydride retains water, 
and the SO 3' may be condensed in a cooled receiver. 

146. Sidjyhates — Action of sulphuric acid xqyon metallic oxides. — At 
common temperatures sulphuric acid is capable of displacing all other 
acids from their salts ; many cases will be remembered in which this 
power of sulphuric acid is turned to account. 

So great is the acid energy of sulphuric acid, that when it is allowed 
to act on an indifferent or acid metallic oxide, it causes the separation 
of a part of the oxj’-gen, and reacts with the basic oxide so produced. 
Advjintage is sometimes taken of this circumstance for the preparation 
of oxygen; for instance, when manganese dioxide is heated with 
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sulplimic acid, sulphate of manganese is produced, and oxygen dis- 
engaged ; MnO, + 112804 = jMnSOj + 0 + HjO . 

Again, if chromic anhydride be treated in the same way, chromic sul- 
phate will be produced, with liberation of oxygen — 

2 Cr 03 + sIHSO^ = Cr„. 3 SO, + 0 , + 3 II..O. 

A mixture of potassium dichi’omate (K20.2Cr03) and sulphuric acid is 
sometimes used as a source of oxygen. 

Sulphuric acid is a dibasic acid, that is, it contains two atoms of 
-hydrogen which may be replaced by a metal. In normal su^yhaies, both 
atoms of H are so replaced, as in K,SO^, the normal potassium sulphate. 
When only a part of the H is replaced, acid snljyhates arc produced j thus 
KHSO^ is acid potassium sulphate, which is very useful in blowpipe and 
metaUui’gic chemistry, because, when heated, it yields normal potassium 
sulphate and sulphuric acid; 2KHSO^ = K2SO, + Il2SO.,. AVhen the 
two atoms of H in H,SOj are replaced by different metals, dovMc sid- 
phates are formed ; potassium alum, KAl(SO^)„ is an example of this 
class, in which one-fourth of the H in 2H,S0^ is replaced by potassium, 
and the other three atoms by triatomic aluminium. 

The following table exhibits the composition of the sulphates most 
frequently met with : — 


Chemical Xamc. 

Common Xamc. 1 Formula, 

Potassium sulphate 

Sodium sulphate . 

Hydropotassium sulphate . 
Ammonium sulphate . 

Barium sulphate . 

Calcium sulphate 

Magnesium sulphate . 
Potassium-aluminium sulphate . 
Ammonium-aluminium sulphate . 
Potassium-chromium sulphate 

Ferrous sulphate , . | 

Manganese sulphate . 

Zinc sulphate .... 
Lead sulphate -. . . . 

Cupric sulphate . . . | 

Sal polychrest . 
Glauber’s salt . 
Bisulphate of potash 

Heavy spar 

Gypsum . 

Epsom salts 
Potash-alum . 
Ammonia-alum 
Chrome-alum . 

Green vitriol . 1 

Copperas. . ) 

White vitriol . 

• • • ■ • 

Blue vitriol . ) 

Blue stone . ) 

ILSO^ 

Na.SO..ioH..O 

KHSO, 

(NHd^SO, 

BaSO^ 

CaS0j.2H„0 

MgS0^.7H..0 

ICAl(SUd„.i2H„0 

NH,A1(S0,)„i2H„0 

KCr(S0,)2.i2H..0‘ 

FeS0,.7H„0 

MnS0,.sH„0 

ZnS0,.7H„0 

PbSO^ 

CuS0,.5H,.0 

i 


In consequence of the tendency of sulphuric acid to break up into 
su phur dioxide and oxygen at a high temperature, most of the sulphates 
are decomposed by heat; cupric sulphate, for example, when very 
s i^ongly heated, leaves cupric oxide, whilst sulphur dioxide and oxygen 
escape, CuS 0 ^ = Cu0-i-S02q-0. Ferrous sulphate is more easily de- 

of fhe SO3 escaping decomposition whilst the remainder 
'I? ^od 0, the latter oxidising the ferrous oxide which 

' otlierwise be left ; zFeSO, = Fe,03 -p SO^ + SO3. 
and Ip sulphates of potassium, sodium, barium, strontium, calcium, 
Ti'ii-fi, decomposed by heat, and sulphate of magnesium is only 

par% decomposed at a very high temperature. 

charem^ ^sulphate of an alkali or alkaline earth metal is heated with 
> e carbon removes the whole of the oxygen, and a sul- 
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phicle of the metal remains, thus : — KjSO^ (Fofassmm m^ihate) + = 

KjS (Potasskim sulphide) + 4CO. Hydrogen, at a high temperature, 
■eftects a similar decomposition. 

Even at the ordinary temperature, calcium sulphate in solution is 
sometimes de-oxidised by organic matter; this may occasionally be 
noticed in well and river waters when kept in closed vessels ; they 
acquire a strong smell of hydrogen sulphide, in consequence of the con- 
version of a part of the calcium sulphate into sulphide by the organic 
oonstituents of the water, and the subsequent decomposition of the 
calcium sulphide by the carbonic acid present in the water. 

Sulphur sesquioxide, SoOj, is aminstable, blue, crystalline solid, obtained by the 
gradual addition of sulphur to sulphuric anhydride in the cold. It dissolves in 
fuming sulphuric acid to a blue liquid, but is decomposed by water, alcohol, or 
ether, sulphur being liberated. 

Fersulpkuric anhydride, S„ 0 ,. is a cr3^stalline compound formed by electrising 
{p. 62) a mixture of SO„ and O. It is also j)roduced by the interaction of hydrogen 
dioxide and H^SO^. It is verj' volatile and unstable, but its solution in fairly con- 
centrated sulphuric acid possesses oxidising properties and probably contains per- 
stdphuric acid HSO^ (?HoS„08). Such a solution is formed at the anode during the 
electrolysis of sulphuric acid of medium strength. The perstdphates are easily 
prepared by the electrolysis of solutions of the sulphates in dilute sulphuric 
acid. To fDrepare potassium persidphate, KSO4 (iK^SoOg), a saturated solution 
of KHSO4 is contained in a platinum dish, kept cool ; a porous pot containing 
dilute sulphuric acid is immersed in the solution, and in this a platinum wire is 
introduced to serve as a cathode ; the platinum dish is made the anode. By con- 
tinuing the electrolysis (current=2-3 amperes) for some time, crystals of KSO4 
are deposited in the dish. When dried and heated they evolve SO3 and 0 , K2SO4 
being left. Barium chloride gives no precipitate with a solution of a persulphate 
until heated, when the BalSO^), decomposes, BaSO^ being precipitated. The per- 
sulphates behave as oxidising a'gents in solution. • 

Besides the oxyacids of sulphui' already described the following are 
known : — 


Sulphurous H.3SO3 

Sulphuric HjSO^ 

Thiosulphuric (formerly hyposulphurous) H3S3O3 

Hyposulphurous £[28304 

Dithionic . H,"S30e 

Trithionic HiiSjOc - 

Tetrathionic . H![S403 

Pentathionic . H^iSjOg 


147. Thiosulpihuric acid (H^S^Og or SO3.OH.SH). — This acid has not 
been obtained in the separate state ; but many salts are known which 
are evidently derived from it, and such salts are called hrjposulphites or 
thiosulphates. 


The sodium thiosxdpliaie is by far the most important of these salts, 
being very largely employed in photography, under the name of hypo- 
sulphite, and as a substitute for sodium sulphite as an antichlore. The 
simplest method of preparing it consists in digesting powdered roll 
sulphur with solution of sodium sulphite (NajSOg), when the latter 
dissolves an atom of sulphur and becomes thiosulphate (Na^SjOg), which 
crystallises from the solution, when sufficiently evaporated, in fine 
prismatic crj’-stals, haffing the formula NajSjOg.sH^O. 

On a large scale, sodium thiosulphate is more economically prepared from the 
calcium thiosulphate obtained by exposing the refuse (tanlc-icasle or soda-waste) 
of the alkali works to the air for some days. This refuse contains a large pro- 
portion of calcium sulphide, which becomes converted into thiosulphate by oxida- 
tion ; 2CaS -i- O4 H3O = CaS203 4 - Ca(0H)2. 
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The thiosulphate is dissolved out bj’ water, and the solution mixed with sodium 
carbonate, when calcium carbonate is precipitated and sodium thiosulphate re- 
mains in solution ; CaS^Oj -b Na.COj = CaCO^ -f- NaHoOj. 

The. most remarkable and useful property of the sodium thiosulphate 
is that of dissolving the chloride and iodide of silver, which are insoluble 
in water and most other' liquids ; hence its use in photography. 

On mixing a solution of silver nitrate with one of sodium chloride, a white 
precipitate of silver chloride is obtained, the separation of which is promoted by 
stirring the liquid; AgNOg + NaCl^AgCl-hNaNOg. The precipitate may be 
allowed to settle and washed twice or thrice by decantation. One portion of the 
silver chloride is transferred to another glass, mixed with water, and solution 01 
sodium thiosulphate added by degrees. The silver chloride is very easily dis- 
solved, yielding an intensely .sweet solution, which contains the thiosulphate^ of 
sodium and silver, produced by double decomposition between the silver chloride 
and sodium thiosulphate ; 2AgCl-b3Na,S.^03=Ag.^Na4(S.,03)3-b2NaCl. The sodium 
silver thiosulphate may be obtained in crystals from the solution. 

When the silver chloride is acted on by a weaker solution of the thiosulphate, 
another thiosulphate of sodium and silver is formed, which is very insoluble in 
water ; AgGl + Na„S„03 = NaCl -b NaAgSsOj. Hence the necessity for using a strong 
solution of the hyposulphite in fixing photographic prints. 

If the other portion of the silver chloride be exposed to the action of light, and 
especially of direct sunlight, it assumes by degrees a dark slate colour, possibly 
from the formation ofsilver subchloride ; 4AgCl-bH.p = 2Ag„Cl'bHCl-bHC)CI. By 
treating this darkened silver chloride with the hyposulphite, as before, the unaltered 
silver chloride will be entirely dissolved, but the subchloride will be decomposed 
into monochloride, which dissolves in the hyposulphite, and metallic silver, which 
is left in a very finely divided state as a black powder. The apifiication of these 
facts in photography is well illustrated by the following experiments ; — A sheet 
of paper is soaked for a minute or two in a solution of lo grains of common salt 
in an ounce of water contained in a flat dish. It is then dried, and soaked for three 
minutes in a solution of 50 grains of silver nitrate in an ounce of water. The 
paper thus becomes impregnated with silver chloride formed by the decomposi- 
tion between the sodium chloride and the silver nitrate. It is now hung up in a 
dark place to dry. If a piece of lace, or a fern leaf, or an engraving on thin paper, 
with well-marked contrast of light and shade, be laid upon a sheet of the pre- 
pared paper, pressed down upon it by a plate of glass and exposed for a short 
time to sunlight, a perfect representation of the object will he obtained, those 
parts of the sensitive paper to which the light had access having been darkened 
by the formation of silver subohloride, whilst those parts which were protected 
from the light remain unchanged. 

But if this photographic print were again exposed to the action of light, it 
would soon be obliterated, the unaltered silver chloride in the white parts being 
acted on by light in its turn. The print is therefore fixed by soaking it for a 
short time in a saturated solution of sodium thiosulphate, which dissolves the 
white unaltered silver chloride entirely, and decomposes the suhcbloride formed 
hj”^ the action of light, leaving the black, finely divided metallic silver in the paper. 
The print should now be washed for two or three hours in a gentle stream of 
water, to remove all the silver thiosulphate, when it will he quite permanent. 

The power of sodivim thiosulphate to dissolve silver chloride has 
also been turned to account for extracting silver from its ores, in which 
it is occasionally present in the form of chloride. 

The behaviour of solution of sodium thiosulphate with powerful acids 
explains the^ circumstance that the thiosulphuric acid has not been 
isolated, for if the solution be mixed with a little diluted snlpburic or 
hydrochloric acid, it remains clear for a few seconds, and then becomes 
suddenly turbid fi'om the separation of sulphur, at the same time evolv- 
ing a powerful odour of sulphur dioxide j H,S „03 - H,0 -h S -f SO„. This 
disposition of the thiosulphuric acid to break up into sulphur dioxide 
and sulphur also explains the precipitation of metallic sulphides, which 
often takes place when sodium thiosulphite is added to the acid solu- 
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tions of tlie metals. Thus, if an acid solution of- antimonious chloride 
(obtained by boiling crude antimony ore (SKSj) with hydrochloric 
acid) be added to a boiling solution of sodium thiosulphate, the sul- 
phur, separated from the thiosulphuric acid, combines with the anti- 
mony to form a fine orange-red precipitate of antimonious sulphide 
(SbjSg), whicli is used in painting under the name of antimony vermilion. 
On the large scale, the solution of calcium thiosulphate obtained from 
the alkali waste is employed in the preparation of antimony vermilion, 
as being less expensive than the sodium-salt. Lead thiosulphate dis- 
solved in sodium thiosulphate is used ■ as a hair-dye, depositing the 
black lead sulphide. 

When crystals of sodium thiosulphate are heated in the air, they 
first fuse in their water of crystallisation, then dry up to a white mass, 
which burns with a blue flame, leaving a residue of sodium sulphate. 
If heated out of contact with air, sodium pentasulphide will be left with 
the sodium sulphate j 4(Na2S„035lI,0) = 20H2O + 3Na,SO^ + NajS.. 

Some of the reactions of sodium thiosulphate become more intel- 
ligible when the salt is represented as sodium sulphate, S03(0Na)„, in 
which an atom of sulphur has displaced an atom of oxygen, SO^.ONa.SIIa. 

A solution of sodium thiosulphate bleaches iodine solution, becoming 
changed into a solution of sodium tetrathionate ; 2Na2S203 13 — 
alSTal -i HajS^Og. 

Syposidjilmrous or hydrosulijhurom acid (H^SoO,). — ^When an aqueous solution of 
sulphurous acid is placed in contact -with zinc, 'the metal is dissolved, forming a 
yello-w solution, -without the usual evolution of hydrogen ; the solution contains 
zinc hyposulphite ; zHoSOj + Zn = ZnSoO^ + 2H„0. 

The solution bleaches organic colours, even Prussian blue, and redupes the 
salts of silver, mercury, and copper to the metallic state. It is very unstable^ 
soon becoming colourless zinc sulphite; ZnS204 + 0 + H„0=ZnS03'+H„S03. - 

The sodium hyposutpldtc, NaoS.jO^, is obtained by digesting zinc in solution of 
acid sulphite of sodium; zNalisOj+Zn^NaAO^ + ZnlOHin. It forms needle- 
like crystals very soluble in -water, insoluble "in strong alcohol, and becoming 
NaHSOj, by absorption of oxygen from the air. By decomposing the sodium 
hyposulphite -with oxalic acid, hyposulphurous acid is obtained as an orange- 
yellow unstable liquid. 

148. Ditldonic acid, or Injposidpliuric acid {H„S.,0„), has not at present acquired 
any practical importance. To prepare a solution of the acid, manganese dioxide 
in a state of fine division is suspended in -water and exposed to a current of 
sulphur dioxide, the water being kept very cold whilst the gas is passing. A 
solution of manganous dithionate is thus obtained ; 2SO., + MnO.,=MnS.,Og. Some 
manganous sulphate is always formed at the same time ;”S 0 .,+Mn 0 .,= SlnS04, and 
if the temperature be allowed to rise, this will be produced in large" quantity. 

The solution containing the sulphate and dithionate is decomposed by solution 
of baryta (baryta-water), when manganous oxide is precipitated, together with 
barium sulphate, and barium dithionate is left in solution. To the filtered 
solution diluted sulphuric acid is carefully added until all the barium is pre- 
cipitated as sulphate, when the solution of dithionic acid is filtered off and 
evaporated in vacuo over oil of vitriol. It forms a colourless, inodorous liquid, 
which is decomposed, when heated, into sulphuric acid and sulphur dioxide ; 
H„S203=H„SO^ + SO.» Oxidising agents (nitric acid, chlorine, &c.) convert it into 
sulphuric acid. 

The dithionates are not of any practical importance ; they are all soluble, and 
are decomposed by heat, leaving sulphates, and evolving sulphur dioxide. 

149. Tritldonic acid (HoSjOJ is also a practically unimportant acid. It is pre- 
pared from the potassium trithionate which is formed by boiling a strong solution 
of acid sulphite of potassium with sulphur until the solution becomes colour- 
less, and filtering the hot solution from any undissolved sulphur ; 6KHS03-fS=' 
zIfjSjOg-f Ii2S03+3H„0. The solution deposits potassium trithionate in prismatic 
crystals. By dissolving these in water, and decomposing the solution with jrer- 
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chloric acid, the potassium is precipitated as perchlorate, and a solution of trithi- 
onic acid is produced, from which the acid has been obtained in crystals. _ It is, 
liowevor, very iiiistELblej being easily resolved, into sulpliur dioxidCj sulpliunc acid, 

and free sulphur ; H„S30 o=H2SO^ + S02+S. ■ 

150. Tetraf/iionic acid (HoSjOg) is rather more stable than the preceding acid, 

though equally devoid of practical importance. _ It is formed when barium^ thio- 
sulphate, suspended in a Uttle water, is treated with iodine, when the tetrathionate 
is obtained in crystals; 2(BaS„03) + L=BaL+BaS^ 0 ,. (Compare the action of 
iodine on sodium thiosulphate, p. 232}. • 1 

By exactly precipitating the barium from a solution of the tetrathionate by 
addition of diluted sulphuric acid, the solution of tetrathionic acid may be 
obtained. When the solution is boiled, it is decomposed into sulphuric acid, 
sulphur dioxide, and free sulphur ; H.B40g=H„S0^ + S0„ + S_;. 

When solution of ferric chloride is added to sodium thiosulphate, a fine purple 
colour is at first produced, which speedily vanishes, leaving a colourless solution. 
The purple colour appears to be due to the formation of the ferric thiosulphate 
which speedily decomposes, the ultimate result being expressed by the equation 
Fe..Gl3 + 2(Na..S .O3) = Na.S.O^ + aFeCl., + 2NaCl. 

151. Pentatliionic acid (HoSjOg) possesses some interest as resulting from the 
action of hydrogen sulphide upon sulphurous acid, when much sulphur is deposited, 
and pentathionic acid remains in solution; 5H„S + sH2S03=H„S50g + 9H20 + S3. 
Besides pentathionic acid, a colloidal form of sulphur, sulphuric acid, tetrathionic 
acid and hexathionic acid (?) are found in the solution. To obtain a concentrated 
solution of the acid, sulphuretted hydrogen and sulphur dioxide are passed alter- 
nately through the same portion of water until a large deposition of sulphur has 
taken place. This is allowed some hours to settle ; the clear liquid poured o 2 
and the solution concentrated by evaporation, first over a water- bath, and finally, 
in vacuo, over oil of vitriol ; for a concentrated solution of pentathionic acid is 
decomposed by heat into sulphuric acid and sulphur dioxide, with separation of 
sulphur ; H2S30,=H.,S0^ + SO,,-i- S3. 


Bisulphide oe Caeboh, oe Carbon Disulphide. 


083=76 parts by weight. 


152. This very important compound (also called bisidpkuret of carbon) 
is found in small quantity among the products of destructive distilla- 
tion of coal, and is very largely manufactured for use as a solvent for 
sulphur, phosphorus, caoutchouc, fatty matters, &;c. It is one of the 
few compounds of carbon which can be obtained by the direct union of 
their elements, and is prepared 'by passing vapour of sulphur over char- 
coal heated to redness. The combination is probably endothermic. 


In small quantity carbon disulphide is easily prepared in a tube of German 
glass (combustion - tube) 

Lhlnlncf S d°amS ^ (r= ^ 

(fig. 196). 

This tube is closed at 
one end, and a few frag- 
ments of sulphur dropped 
into it so as to occupy 
two or three inches. The 
rest of the tube is filled 
U15 with small fragments 
of recently calcined wood 

by*^a*perforated”cork with^^^ combustion-furnace, and its open end connected 

c^tahicd in a bottle p^aJed ’^’^ter 

tube which contnbic; ^ jessel of very cold water. The part of the 

containing- the culnhur is he^ is heated first, and when it is red-hot the end 

passed over tlm S “^7 ^e slowly 

arcoal. The disulphide being insoluble in water, and 
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mucli heavier (sp. gr. 1.27), is deposited beneath the water in the receiver. To 
pmify the carbon disulphide from the water and the excess of sulphur which is 
deposited with it, the water is carefully drawn off with a small siphon, the disul- 
phide transferred to a flask, and a few fragments of calcium chloride dropped 
into it to-absoib the water. A bent tube connected with a Liebig’s condenser, or 

with a worm, is attached to the flask (fig. 197) 
by a perforated cork, and the flask is gently 
heated in a water-bath, when the carbon disul- 
phide is distilled over as a perfectly colourless 
liquid. The inflammability of the disulphide 
renders great care necessary. 

On a large scale, a fire-clay or cast-iron 
retort is filled with fragments of charcoal 
and heated to redness, pieces of sulphur 
being occasionally dropped in through an 
eai'thenware tube passing to the bottom 
of the retort. When very large quantities 
are made, coke is employed, and the vapour 
Pig. 197. of sulphur is obtained from iron pyrites. 

The carbon disulphide is possessed of some 
very remarkable properties : it is a very brilliant liquid, the light pass- 
ing through which at certain angles is partly decomposed into its com- 
ponent coloured rays before it i-eaches the eye. These properties are 
dependent upon its high refractive and dispersive powers, which are 
turned to great advantage in optical experiments, especially in spectrum, 
analysis, where the rays emanating from a coloured fiame are analysed 
by passing them through a prismatic bottle filled with carbon disulphide. 
It is also highly diathermic, that is, it allows rays of heat' to pass through 
it with comparatively little loss, so that if it be rendered opaque to light 
by dissolving iodine in it, the rays of light emanating from a luminous 
object may be arrested, whilst the calorific rays are allowed to pass. Car- 
bon disulphide is a very volatile liquid, readily assuming the form of 
vapour at the ordinary temperature, and boiling at 46° 0 . Its vapour, 

when diluted with air, has a very dis- 
gusting and exaggerated odour of sul- 
phm'etted hydrogen, but the smell at the 
mouth of the bottle is ethereal and not 
unpleasant if the disulphide has been 
carefully purified. 

The rapid evaporation of carbon disulphide is, 
of couise, productive of great cold. If a few 
diops be placed in a watch-glass and 'blown 
upon, they soon pass off in vapour, and the 
temperature of the glass is so reduced that 
some of the disulphide is frozen this melts 
when the glass is placed in the palm of the 
hand. If a glass plate be covered with water, 
a watch-glass containing carbon disulphide 
placed on it, and evaporation promoted by 
blowing through a tube, the watch-glass will 
be frozen on to the plate, so that the latter 
Fig. 198. ™ay be lifted up by it. 

The carbon disulphide is exceedingly 
inflammable ; it takes fire at a temperature far below that required to 
inflame ordinary combustible bodies, and burns with a bright blue 

• This solid matter is probably a cryohydrate of OSo. Dry CS2 melts at -110° C. 
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flame producing carbonic and sulphurous acid gases (CSj + Oe 
GO^+aSO,), and having a great tendency to deposit sulphur unless 

the supply of air he very good. 

■If a little carbon disulphide be dropped into a small beaker, it be inflamed 

by holding in its vapour a test-tube containing oil heated to about 300 1 . O.), 

Sh will be found incapable of firing gunpowder or of inflaming any ordinary 

^°Phe abundance of sulphur separated in the flame of carbon disulphide enables 
it to burn iron by converting it into sulphide. K some carbon disulpbide be 
boiled in a test-tube provided with a piece of glass tube from which the vapour 
may be burnt, and a piece of thin iron wire be held in the name \hg. 19b;, it will 
burn with vivid scintillation, the fusible ferrous sulphide dropping off. - 
Carbon disulphide is endothermic (p. i 5 t)> 7 ^ grams of the liquid absortmg 
19,610 gram units in its formation ; like most other endothermic gases 
‘ „0, &c. ), it may be suddenly decomposed into its elements by a violent shock. 1 his 

experiment is performed by detonating 0.05 gram of mercuric fulminate, by means 
of an electric spark, in an inclined tube open at one end, in wbicb a paper satu- 
rated with carbon disulphide has been suspended. After the explosion the carbon 
and sulphur are seen deposited on the walls of the tube. 


The vapour of carbon disulphide acts very injuriously if breathed for 
any length of time, producing symptoms somewhat resembling those 
caused by sulphuretted hydrogen. Its poisonous jiroperties have been 
turned to account for killing insects in grain, without injuring tlie grain. 

The chief applications of carbon disulphide depend upon its power of 
dissolving the oils and fats. After as much oil as possible has been 
extracted from seeds and fruits by pressure, a fresh quantity is obtained 
by treating the pressed cake with carbon disulphide, which is afterwards 
recovered by distillation from the oil. In Algiers it is employed for 
extracting the essential oils in which reside the perfumes of roses, 
jasmine, lavender, &c. 

Carbon disulphide has often been made a starting-point in the 
attempts to produce organic compounds by synthesis. It may be em- 
ployed in the formation of the hydrocarbons which are usually derived 
from organic sources ; for if it be mixed with, hydrogen sulphide (by 
passing that gas through a bottle containing the disulphide gently 
warmed), and passed over copper-turnings heated to redness in a porcelain 
tube, olefiant gas will be produced; -f- Cug^ 60 uS -f C,H^. 

Marsh gas may be obtained in the same way. When passed through a 
red hot tube the vapour of OS, is decomposed into C and S, 

The action of carbon disulphide upon ammonia is practically important 
for the easy production of amvionium sulphooyanide-j which is formed 
when the disulphide is dissolved in alcohol, and acted on by ammonia 
with the aid of heat ; CS„ + 2NH3 = H,S + NH.GNS. 

Cai’bon disulphide is often called sulphocarbonic or tliiocarbonic 
aiihydride to emphasise its analogy to carbonic anhydride ; it combines 
with some of the sulphur-bases to form sidphocarbonates or thiocarhonates, 
which correspond with the carbonates, containing sulphur in place of 
oxygen. Thus, when a solution of potassium sulphide is mixed with an 
excess of carbon disulphide, potassium thioearbonate is obtained in 
orange-yellow crystals. Even the hydrogen compound corresponding in 
compositiim with the unknown HjCO^ may be obtained as a yellow oily 
w decomposing potassium thioearbonate with hydrochloric acid ; 
IVjCSj + 2HCI = HjOSj -f 2KCI. Potassium thioearbonate is applied'fox' 
tiie destruction of the phylloxera insect wbicb infests vines. As would 
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be expected, the thiocarbonates, when boiled with water, exchange their 
sulphur for oxygen, becoming carbonates; K0OS3 + 3H,0 = K3CO3 + 3H„S. 

Small quantities of CS^ may be identified by dissolving in alcoholic potash and 
adding cupric sulphate, which gives a yellow precipitate of cuprous xantliate, 
Cu.,S.CS.OC„H5. 

The carbon disulphide vapour in coal gas is one of the most injurious of the 
impurities, and one of the most difficult to remove with economy. 

It is especially injurious, because, when burning in the presence of aqueous 
vapour, a part of its sulphur is converted into sulphuric acid, the corrosive effects 
of which are so damaging. Several processes have been devised for its removal. 
Passing over-heated iron converts part of it into H„S, which is removed in the 
purifiers. The gas has been washed with the ammoniacal liquor (containing 
ammonium sulphide), which absorbs the disulphide. Steam, at a high tempera- 
ture, has been employed to convert it into hydrosulphuric acid and carbon 
dioxide, which are both easily removed from the gas ; CSo + aHoO^COo-l-aHoS. 
Lime at a red heat decomposes it in a similar way ; CS2 + 3CaO = CaCOs-f2CaS. 
Oxide of lead dissolved in caustic soda has been used to convert it into sulphide 
of lead; CS.,-t-2PbO-t2NaOH — aPbS-t-Na^COg-fHjO. At present, however, it 
retains its character as one of the most troublesome impurities with which the 
gas manufacturer has to deal. 

Carhon monosulphide, CS, is deposited -when CS, is exposed to sunlight, or left 
■ for some weeks in contact with iron wire; 2CS;+Fe=EeS..-f 2CS. The EeS.^ is 
dissolved out by HCl, leaving the CS as a red-brown powder, of sp. gr. 1.66, 
insoluble in alcohol and benzene, slightly soluble in hot ether and CSj. It is 
soluble in boiling nitric acid and in boiling strong potash. At about 200° C. it 
is decomposed into carbon, sulphur, and a little disulphide. It is converted into 
the latter by heating with excess of sulphur. 

Tricarlon disulphide, CjS.^ has been obtained by boiling CS, in a flask, the upper 
portion of which contains an electric arc, and condensing the vapour, after it has 
been thus heated, so that it may fall back into the flask. It is a deep red liquid 
(sp. gr. 1.27) which has a very irritating odour. When heated it is changed to a 
black mass of the same percentage composition. 

Cabbon OXYSULPHIDE (COS = 6o parts by weight =2 volumes). — This com- 
pound, which may be regarded as CO., in which S has replaced 0 , is formed when 
a mixture of carbonic oxide with sulphur vapour is acted on by electric sparks, 
or passed through a red-hot porcelain tube ; also when carbon disulphide vapour 
is passed over white-hot clay, and when CdS is heated in COOL. 

It is easily, prepared by gently heating the potas.'iium sulphocyanide with oil of 
vitriol diluted with four-fifths of its volume of water, and collecting the gas over 
mercury. The action of the sulphuric acid upon the sulphocyanide produces hydro- 
sulphocyanic acid; EONS (potassium sulphocyanide) + H„SO^=HCNS-tKHSO,; 
which is then decomposed by the water in the presence of the excess’ of sulphuric 
acid, into the carbon oxysulphide gas and ammonia, which combines with the 
sulphuric acid ; HONS COS. The gas has a peculiar, disagreeable 
odour, recalling that of carbon disulphide; it is more than twice as heavy as 
air (sp. gr. 2.11), and is very inflammable, burning with a blue flame, and yield- 
ing carbonic and sulphurous acid gases. Potash absorbs and decomposes it, 
yielding carbonate and sulphide of potassium ; COS + 4KOH = K„S + K^CO^ -f 2H.p. 
Ammonia absorbs it freely, and, on evaporation, evolves H„S and deposits crystals 
of urea ; COS H.S -f C0(NH„)2. 

153. Silicon disulphide (SiS„), corresponding with carbon disulphide, is obtained 
by burning silicon in sulphur vapour, or by passing vapour of carbon disulphide 
over a mixture of silica and charcoal, in the form of volatile needles. Unlike the 
carbon compound, it is a white amorphous solid, absorbing moisture when 
exposed to air, and soluble in water, which gradually decomposes it into silica 
and hydrogen sulphide. When heated in air it burns slowly, yielding silica and 
sulphur dioxide. 

154. Nitrogen sulphide (NS) is a yellow crystalline explosive substance, produced 
when chloride of sulphur, dissolved in carbon disulphide, is acted on by gaseous 
ammonia, SNHj -f 3S2CL= fiNH^Cl -f 2NS -i- S^,when ammonium chloride is deposited, 
and the filtered liqnid,'allowed to evaporate, deposits sulphide of nitrogen mixed 
wdth sulphur, which may be dissolved out by carbon disulphide, in which the 
nitrogen compound is nearly insoluble; this substance is remarkable for its 
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sparing solubility, its irritating odour, and its explosibility 'when struck or 
Serately heated, its elements being held together by a very feebte attraction. 

^oron lisulphkh, B^S^, is made by strongly heating boron in_ H,S ; it forms 
white needles, melts at 310“ C., and yields B(OH) and H,S when in contact with 
water. Boron pentasidphide, B„Sy is a white crystalline powder (m.p. 390 (L) made 
■ by heating BI3 with S in CS, at 6o“. It is decomposed by water into BlOfl)^, 


ILSandS. _ 

155. Ohloeibes OS' Sulphur. — The suhchloride , or sulphxor monochloride 
135 parts by weight), is the most important of these, since it is 
employed in the process of vulcanising caoutchouc. It is very easily 
prepared by passing dry chlorine over sulphur very gently heated in a 
retort (fig. 199) *, the sulphur quickly melts, and the sulphur monochloride 
distils over into the receiver as a j^ellow volatile liquid, boiling at 
280° F. (138° C.), which has a most peculiar odour. It fumes strongly in 



uir, the moisture decomposing it, forming hydrochloric and sulphurous 
acids, and causuig a deposit of sulphur upon the neck of the bottle ; 
2S,C1, + 3HOH - 4HCI + S0(0H)3 + S3. 

When poui’ed into water, it sinks (sp. gr. 1.68) and slowly undergoes 
decomposition ; the separated sulphur, of coui’se, belongs to the electro- 
positive variety (see p. 208), and the solution contains, beside hydro- 
chloric and sulphurous acids, some of the acids containing a larger pro- 
portion of sulphur. If phosphorus dissolved in carbon disulphide be 
mixed with sulphur monochloride, the liquid will take fire on addition 
of ammonia. The specific gravity of the vapour of S,C]j is 4.7, showing 
that it is 68 times as heavy as hydrogen and therefoi’e cannot have the 
formula SCI. 

SuIpJinr dicJdoride (SCL.) is a far less stable compound than the preceding 
chloride, from_ which it is obtained by the action of an excess of chlorine. It is a 
dark-red fuming liquid, easily resolved, even by sunlight, into free chlorine and 
sulphur monochloride. ^ Sulphur tetrachloride (SCI,) has also been obtained. 

Corresponding bromides and iodides of sulphur are known. Of these the 
dt-todidc (SL) is a crystalline unstable substance, produced by the direct imion of 
Us elements, and occasionally employed in veterinary medicine under the name 
of hlacl; snlpihur. 
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Selenium. 

Se = 79 parts by weight. 

156. Selenium (SeXiji'jjjthe moon) is a rare element, very closely allied to sulphur 
in its natural history, physical characters, and chemical relations to other bodies. 
It is found sparingly in the free state associated with some varieties of native 
sulphur, but more commonly in combination with metals, forming selcnides, which 
are found together with the sulphides. The iron pyrites of Fahlun, in Sweden, 
is especially remarkable for the presence of selenium, and was the source whence 
this element was first obtained. The Fahlun pyrites is employed for the manu- 
facture of oil of vitriol, and in the leaden chambers a reddish-brown deposit is 
found, which was analysed by Berzelius in 1817, and found to contain the new 
element. 

In order to extract selenium from the seleniferous deposit of the vitriol works 
this may be boiled with sulphuric acid diluted with an equal volume of water, and 
nitric acid added in small portions until the oxidation is completed, when no 
more red fumes will escape. The solution, containing selenious and selenic acids, 
is largely diluted with water, filtered from the undissolved matters, mixed with 
about one-fourth of its bulk of hydrochloric acid, and somewhat concentrated by 
evaporation, when the hydrochloric acid reduces the selenic to selenious acid — 
H„SeO, -t- 2HCI = H^SeOj -f H „0 + CL. 

A current of sulphurous acid gas is now passed through the solution, when the 
selenium is precipitated in fine red flakes, which collect into a dense black mass 
when the liquid is gently heated ; H2Se03-f-H.U-f2S0„=2lLS0^ + Se. 

The proportion of selenium in the deposit from the leaden chambers is variable. 
The author has obtained 3 per cent, by this process. 

Selenium, like sulphur, is capable of existing in three allotropic states : 
(i) Amorphous selenium is the red precipitate formed by passing SO„ into a cold 
solution of selenious acid ; if the solution be hot, the black crystalline form is 
precipitated. The amorphous form has a sp. gr. of 4.26, and dissolves in CS^ ; it 
becomes plastic a little above 100° 0., and if melted and cooled quickly it forms a 
vitreous mass still amorphous, but if slowly cooled it changes into the insoluble 
crystalline form. (2) Holuhh crystalline selenium is deposited from a solution of 
the element in CS^ as red monoclinic prisms of sp. gr. 4.8 and melting-point 214° C. 
(3) Insoluble crystalline selenium is deposited from melted selenium which is 
slowly cooled ; its sp. gr. is 4.5. Selenium boils at 700° 0 ., and shows much the 
same variation in vapour density as that exhibited by sulphur. 

Selenium is less combustible than sulphur ; when heated in air it burns with a 
blue flame, and emits a peculiar odour like that of putrid horse-radish, which 
appears to be due to the formation of a little selenietted hydrogen from the 
moisture of the air. The odour serves for the detection of selenium compounds 
when they are heated on charcoal. When heated with oil of vitriol, selenium 
forms a green solution which deposits the selenium again when poured into water. 

Vitreous selenium is a very bad conductor of electricity, but crystalline selenium 
is a fair conductor, and conducts better in light than in darkness, which is taken 
advantage of in the pJiotophone. 

■Selenium dioxide {SeO„), corresponding with sulphur dioxide, is the product of 
combustion of selenium in oxygen. It is best obtained by dissolving selenium in 
boiling nitric acid (which would convert sulphur into sulphuric acid), and evapo- 
rating to dryness, when the selenium dioxide remains as a white solid- which 
sublimes in needle-like crystals when heated. When dissolved in boiling water, 
it yields crystalline selenious acid, SeO(OH)„. 

Selenic acid (HoSeO^ or SeO„(OH)„). — Potassium selenate is formed when selenium 
is oxidised by fused nitre ; 2KN03-bSe=K2Se04-l-2N0. By dissolving the potas- 
sium! selenate in water, and adding lead nitrate, a precipitate of lead selenate 
(PbSeOj) is obtained, and if this be suspended in water and decomposed by passing 
hydrosulphuric acid gas, lead will be removed as insoluble sulphide, and a solution 
of selenic acid will .be obtained ; PbSeO^ -b H^S = HjSeO^ -b PbS. This solution may 
be evaporated till it has a sp. gr. of 2.6 (when ft very closely resembles oil of 
vitriol) and heated in a vacuum at 180° C. so long as any distils over; the residue 
will crystallise on cooling. The crystals (sp. gr. 2.95) melt at 58° C. and are 
deliquescent ; the hydrate, HoSeO^.ILO, melts at 25° C. It is decomposed at 260° C. 
into H3O, SeO„, and O. It oxidises the metals as oil of vitriol does, and even dis- 
solves gold. The selenates closely resemble the sulphates, but they are decomposed * 
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when heated with hydrochloric acid, chlorine being evolved and selenious acid 
produced. 

Eydroseleiiic acid, or selenietted hydrogen (H„Se), is the analogue of sulphuretted 
hydrogen, and is produced by a similar process. It is even more offensive and 
poisonous than that gas, and acts in a similar way upon metallic solutions, pre- 
cipitating the selenides. 

There are two chlorides of selenium ; the monochloride, Se^Ch, a brown volatile 
liquid corresponding with sulphur monochloride ; and the tetrachloride, SeCl^, a 
white crystalline solid. SeOCl„ is also known. 

Notwithstanding the resemblance between the two elements, sidphides of 
selenium are known, probably SeS„ and SeSj. The former is obtained as a yellow 
precipitate when hydrogen sulphide is passed into solution of selenious acid. 


Tellurium. 

Te= I2S parts by weight, 

157. Tellurium (from iellus, the earth) is connected with selenium by analogies 
stronger than those which connect that element with sulphur. It is even less 
frequently met with than selenium, being found chiefly in certain Transylvanian 
gold ores. It occasionally occurs in an uncombined form, but more frequently in 
combination with metals. It has recently been found in Colorado, masses of 
native tellurium up to 12 kilos, in weight having been met with ; also coloradoite, 
or mercuric telluride, HgTe. Bismuth tellnride, or tetradymite, Bi„Tej, has been 
found in California, and lead telluride, or altaite, in North Carolina. Foliated or 
graphic tellurium, or sylvanite, is a black material containing the tellurides of silver 
'and gold. Arsenical pyrites sometimes contain tellurium, apparently as TeSo. 

Tellurium is extracted from the foliated ore by a process similar to that for 
obtaining selenium. From bismuth telluride it is procured by strongly heating the 
ore with a mixture of potassium carbonate and charcoal, when potassium telluride 
• is formed, which dissolves in rvater to a purple-red solution, from which tellurium 
is deposited on exposure to air ; K^Te -1-0+ HjO = 2KOH + Te, The tellurium thus 
obtained is far from pure, nor has the elemeiit yet been obtained free from other 
elements, although the nature of these is at present unknown. 

Tellurium much more nearly resembles the metals than the non-metals in its 
physical properties (sp. gr. 6.24), and is on that account often classed among the 
.former, but it is not capable of forming a true basic oxide. In appearance it is 
very similar to bismuth (with which it is so frequently found), having a pinkish 
metallic lustre, and being, like that metal, crystalline and brittle. It is said to 
exist also in an amorphous form. It fuses below a red heat, and is converted 
into a yellow vapour at a high temperature. When heated in air it burns with a 
blue flame edged with green, and emits fumes of tellurium dioxide (TeO..) and a 
peculiar odour. 

Like selenium, tellurium is dissolved by strong sulphuric acid, yielding a 
purple-red solution, from which water precipitates it unchanged. 

The oxides of telhirium correspond in composition with those of sulphur. Tellu- 
roiis acid (H.TeOj) is precipitated w^hen a solution of tellurium in diluted nitric 
acid is poured into water. If the nitric solution is boiled, a crystalline precipi- 
tate of tellurous anhydride is obtained. Unlike selenious acid, tellurous acid is 
sparingly soluble in water. _The anhydride is easily fusible, forming a yellow 
glass, which becomes white on cooling, and may be sublimed unchanged. Tellu- 
is rather a weak acid, and unth some of the stronger acids the anhy- 
soluble compounds in which it takes the part of a very feeble base. 
Icuuric acid (H.TeO^) is also a weak acid obtained by oxidising tellurium with 
nitre, precipitating the 'potassium tellurate with barium chloride, and decompos- 
mg the barium tellurate with sulphuric acid. On evaporating the solution, 
crjstals of telluric acid (H._,Te0j.2H„0) are obtained, which become H^TeO^ at a 
moaerate heat, and when heated nearly to redness are converted into an orange- 

v'' is the anhydride. In this state it is insoluble in acids and 

I strongly heated, it evolves oxygen, and becomes tellurous anhy- 

The tellurates are unstable salts which are converted into tellurites when 
Lnii 1 of alkaline tellurates yield a precipitate of tellurium when 

hoilcd with alkaline carbonates and glucose. 

c urctted hydrogen, or hydrotelhiric acid (H„Te), exhibits in the strongest manner 
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the chemical analogy of tellurium with selenium and sulphur. It is a gas very 
similar to sulphuretted hydrogen in smell, and in most of its other properties. 
When its aqueous solution is exposed to the air, it yields a brown deposit of tel- 
lurium. When passed into metallic solutions it precipitates the tellurides. The 
gas is prepared by decomposing telluride of zinc with hydrochloric acid. ' 

The most characteristic property of teUurium compounds is that of furnishing 
the purple solution of potassium telluride, when fused with potassium carbonate 
and charcoal, and treated with water ; in the total absence of oxygen, however, 
the solution is colourless. Two solid chlorides of telhirhim have been obtained : 
TeCL is a black solid with a violet-coloured vapour, and is decomposed by water 
into tellurium and TeCl^. The latter may be obtained as a white crystalline 
volatile solid, decomposed, by much water, into hydrochloric and tellurous acids. 
There are also two sulphides of tellurium corresponding with the oxides, from 
which they may be obtained as dark brown precipitates by the action of hydro- 
sulphuric acid. They are both soluble in alkaline sulphides. 

158, Review of the sulphur group of elements. — The three elements — 
sulphur, selenium, and tellurium — exhibit a relation of a similar character 
to that observed between the members of the chlorine group, both in 
them physical and chemical properties. 

Sulphur is a pale yellow sohd, easily fusible and volatile, without any 
trace of metallic lustre, and of specific gravity 2.05 (sp. gr. of vapour, 
2.23). Selenium is either a red powder or a lustrous mass appearing 
black, but transmitting red light through thin layers ; much less fusible 
and volatile than sulphur, and of specific gravity 4.8 (sp. gr. of vapour, 
5.68). Tellurium has a brilliant metallic lustre, is much less fusible 
and volatile than selenium, and of specific gi-avuty 6.24 (sp. gr. of 
vapour, 9.0). 

Sulphur (atomic weight 32) has the most powerful attraction for 
oxygen, hydrogen, and the metals. Selenium (atomic weight 79) ranks 
next in the order of chemical energy. Tellurium (atomic weight 125) 
has a less powerful attraction for oxygen, hydrogen, and the metals, 
than either sulphur or selenium has. This element appears to stand 
neutral ground between the non-metallic bodies and the less electro- 
positive metals. 


PHOSPHOHUS. 

P=3i parts by weight.* 

159. This element is never known to occur uncombined in nature, 
but is found abundantly in the form of phosphate of lime or tricaldc 
diphosphate, 3Ca0.P205 or Oa3(POj2, which is contained in the minerals 
coproUte, phosphorite, and apatite, and occurs diffused, though generally 
in small proportion, through all soils upon which plants will grow ; for 
phosphorus, probably in this form, is an essential constituent of the 
food of plants, and especially of the cereal plants, which form so large a 
proportion of the food of animals. The seeds of such plants are especially 
rich in the phosphates of calcium and magnesium. 

Animals feeding upon these plants still further accumulate the phos- 
phorus, for it enters, chiefly in the form of calcium phosphate, into the 
■composition of almost every solid and liquid in the animal body, and is 

* The vapoTir of phosphorus is 62 times as heavy as hydrogen, so that its atom only 
occupies half a volume, if the atom of hydrogen be taken to occupy one volume ; and tho 
molecule of phosphorus (P4) occupying two volumes^ would consist of four atoms instead 
of two. At very high temperatures the specific gravity of phosphorus vapour diminishes, 
showing a tendency to conform to the ordinary law of volumes. 
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especially abundant . in tbe bones, wbich contain about three-fiftbs of 
their weight of calcium phosphate. 


- Composition of the Bones of Oxen. 


Fat 

• 5-4 

Nitrogenous matter 

. 28.6 

Calcium phosphate 

. 56.5 

„ fluoride . 

1.2 

„ carbonate 

, 7-3 

Magnesium phosphate. 

1.0 


100.00 


What is here termed nitrogenous matter is a cartilaginous substance, converted 
into gelatin when the bones are heated with water under pressure, and containing 
carbon, hydrogen, nitrogen, and oxygen. It was formerly the custom to get rid 
of this by burning the bones in an open fire, but the increased demand for 
chemical products, and the diminished supply of bones, have taught economy, so 
that the cartilaginous matter is now dissolved out by heating the bones with 
water at a high pressure for the manufacture of glue ; or the bones are subjected 
to destructive distillation, so as to save the ammonia which they evolve, and the 
bone charcoal thus produced is used by the sugar-refiner until its decolorising 
powers are exhausted, when it is heated in contact with air to burn away the 
charcoal, and leave the bone-ash, consisting chiefly of calcium phosphate, Ca3(P04)2, 
and valuable as a manure. 

Originally, phosphorus was made from bone ash, but now the cheaper 
calcium phosphate of mineral origin is employed as the raw mateidal. 
The coprolites, or other phosphates, are ground to powder and mixed 
with enough chamber acid (HjSO^) to convert the calcium into sulphate 
and to liberate the phosphoric acid ; Ca3(P04)2 + 3HJSO4 = sOaSO^ -f 
2H3PO4. The liquor is eva- 
porated and the solution of 
phosphoric acid separated 
from the calcium sulphate 
by filtration . This solution 
is further evaporated to a 
syrup, absorbed by charcoal 
and dried, during which 
the phosphoric acid loses 
wrnter, becoming meta- 
phosphoric acid, H3P04 = 

HPOj-t- 2H2O. It is now 
only necessary fio distil the 
mixture of charcoal and 
metaphosphoric acid in 
bottle-shaped fireclay re- 
torts set in a furnace. The 
phosphorus distils over, hy- 
drogen and carbon mon- 
oxide being evolved at the 
same time (qHPOj-f Oj2 = 

1 2 CO -b P^ -f H^), and is con- 
densed under warm water 
in which it melts. It is 
far from pure, having a 
mahogan}’^ colour ; to eliminate this it is remelted "with a mixttire of 
sulphuric acid and potassium bichromate; the impurities are thus 

Q 
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oxidised and the phosphorus becomes yellow. It is cast into sticks or 
wedges which are packed in tins, containing water, for the mai’ket. 
The yield is only 70 per cent, of the theoretical yield. 

On a small scale, for the sake of illustration, phosphorus may be prepared by 
a process which has also been successfully employed for its .manufacture in 
quantity, and consists in heating a mixture of bone-ash and charcoal in a stream 
of hydrochloric acid gas ; Ca3(PO4)2-b6HCl-l-C8=3CaCl2 + 8C0 -f Hg-f P,. 

A mixture of equal weights of well-dried charcoal and bone-ash, both in fine 
powder, is introduced into a porcelain tube, and placed in a charcoal furnace 
(fig. 200). One end of the tube is connected with a flask (A), containing fused 
salt and sulphuric acid for evolving hydrochloric acid, and the other is cemented 
with putty into a bent retort neck (B), for conveying the phosphorus into a vessel 
of water (C). On heating the porcelain tube to bright redness, phosphorus distils 
over in abundance. The hydrogen and carbonic oxide inflame as they escape 
into the air, from their containing phosphorus vapour. 

Pure ordinary, or vitreous, phosphorus is almost colourless and trans- 
parent, but when exposed to light, and especially to direct sunlight, it 
gradually acquires an opaque red colour, from its conversion into 
the allotropic variety known as red jihosphorus. By tying bands of 
black cloth round a stick of phosphorus and exposing it, under water, 
to the action of sunlight, alternate zones of red may be produced. 

Even though the phosphorus be screened from light, it will not re- 
main unchanged unless the water be kept quite free from air, which 
irregularly corrodes the surface of the phosphorus, rendering it white 
and opaque. This action is accelerated by exposure to light. 

The most remarkable character of ordinary phosphorus is its easy 
infLaihmability. It inevitably takes fire in air when heated a little above 
its melting point, 44° C. (iii°.5 F.), burning with a brilliant white 
flame, which becomes insupportable when the combustion takes place in 
oxygen (p. 30), and evolving dense white clouds of phosphoric anhydride. 
When a piece of dry phosphorus is exposed to the air, it combines 
slowly with oxygen,^' and its temperature often becomes so much 
elevated during this slow combustion, that it melts and takes fire, 
especially if the combustion be encouraged by the warmth of the hand 
or by friction. Hence, ordinary phosphorus must never be handled or 
cut in the dry state, but always under water, for it causes most painful 
burns. 

The slow oxidation of phosphorus is attended with that peculiar 
luminous appearance which is termed phosphorescence {^as, light, ^tpa>, 
to hear), but this glow is not seen in pure oxygen, except under 
diminished pressure, or inyair containing a minute proportion of olefiant 
gas or oil of turpentine; nor will phosphorus glow in compressed air at 
the ordinary temperature. It will be remembered that the slow 
oxidation of phosphorus in moist air is attended with the formation 
of ozone. 

The glow of phosphorus, which may be regarded as an incipient flame, 
is in some way connected with this ozone (possibly produced during the 
oxidation of the phosphorus toPjOj ; + 30j + 0 andO, -k 0 = O3). 

When phosphorus is exposed to pure oxygen at the ordinary pressure, 
oxidation seems to proceed very slowly at the ordinary temperature ; 
but at an elevated temperature (25° C), or in oxygen at diminished 

* The white fumes evolved by phosphorus in moist air are said to consist partly of 
ammonium nitrate, formed by the action of the ozonised oSygen upon the air and aqueous 
vapour* 
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pressure,* the phosphorus is oxidised with formation of P2OS (and ozone) 
and PPe- latter oxide is readily oxidised to P^O^ and phosphoresces 
during the change, particularly in the presence of ozone. Moisture is 
essential to the oxidation (and the glow) of phosphorus at any pressure. 

Ordinary phosphorus is slowly vapourised at common temperatures, 
and emits in the air white fumes with a peculiar alliaceous odour, 
which appear phosphorescent in the dark. It boils at 278° 0 ., yielding, 
a colourless vapour. 

The characteristic behaviour of phosphorus in air is best observed when the 
phosphorus is in a finely divided state. The experiment described on p. 30 (fig. 25) 
will serve as an illustration. 

If phosphorus be dissolved in olive oil, at a gentle heat, the solution is strongly 
phosphorescent when shaken in a bottle containing air, or when rubbed upon the 
hand. 

■ Characters may be written on paper with a stick of phosphorus held in a 
thickly folded piece of damp paper (having a vessel of water at hand into which 
to plunge the phosphorus if it should take fire). When the paper is held with its 
back to the fire, or to a hot iron, in a darkened room, a twinkling combustion of 
the finely divided phosphorus will ensue, and the letters will be burnt into the 
paper. Phosphorus which has been partly oxidised is even more easily inflamed 
than pure phosphorus. If a few small pieces of phosphorus be placed in a dry 
stoppered bottle, gently warmed till they melt, and then shaken round the sides 
of the bottle so as to become partly converted into red oxide of phosphorus, it 
will be found, long after the bottle is cold, to be spontaneously inflammable, so 
that if a wooden match tipped with sulphur be rubbed against it, the phosphorus 
which it takes up will ignite when the match is brought into the air, kindling the 
sulphur, which will inflame the wood. This was one of the earliest forms in 
which phosphorus was employed for the purpose of procuring an instantaneous 
light. If the stopper be greased, the phosphorus may be preserved unchanged 
for a long time. 

In the last e.vperiment, if the wood had not been tipped with sulphur, the 
phosphorus would not have kindled it, the flame of phosphorus generally being 
unable to ignite solid combustibles, because it deposits upon them a coating of 
P.jO„ which protects them from the action of air. Hence, in the manufacture of 
lucifer matches, the wood is first tipped with sulphur, 
or wax, or paraffin, which easily give off combustible 
vapours to be kindled by the flame of the phosphorus 
composition, and thus to inflame the wood. 

If a small stick of phosphorus be carefully dried 
with filtering paper, and dropped into a cylinder of 
oxygen, which is afterwards covered with a glass 
plate, no luminosity will be observed in a darkened 
room until the cylinder is placed under the air-pump 
receiver, and the air slowly exhausted. When the 
oxygen has thus been rarefied to about one-fifth of 
its former density, the phosphorescence udll be seen. 

A similar effect may be produced by covering the 
cylinder of o.xygen containing the phosphorus 
(having removed the glass plate) with another Pig. 201. 

cylinder, about four times its size (fig. 201), filled 

with carbonic acid gas, which will gradually dilute the oxygen and produce the 
phosphorescence. By suspending — in a bottle of air containing a strongly 
luminous piece of phosphorus — a piece of paper with a drop of oil of turpentine 
upon it, the glow may be almost instantaneously destroyed. A small tube of 
olefiant gas or coal gas dropped into the boittle will also extinguish the 
lummosity.t 

The luminosity of phosphorus vapour is seen to advantage when a piece of 

* It will bo romombored that the pressure of the oxygen in the air is only about one- 

th of the total pressure, so that air contains oxygon at diminished pressure. 

t Chappuis finds that when phosphorus is suspended in oxygen, the space glows for a 
.short time on adding a little or, me. Baker finds that phosphorus is not luminous at anv 
pressure in perfectly dry oxygen. ' ^ 
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phosphorus is boiled with water in a narrow-necked flask or retort, or a test-tube 
with a cork and narrow tube. The steam charged with vapour of phosphorus has 
all the appearance of a blue flame, in a darkened room, but of course combustibles 
are not inflamed by it, since its temperature is not higher than ioo° 0 . Phos- 
phorus may be distilled, with perfect safety, in an atmosphere of carbonic acid' 
gas, the neck of the retort being allowed to dip under water in the receiver. 


Although ordinary phosphorus is of a decidedly glassy or vitreovs 
structure, it may be obtained in dodecahedral crystals, by allowing its 
solution in carbon disulphide to evaporate in an atmosphere of carbonic 
acid gas, or by fusing it in a tube exhausted by a Sprengel pump, and 
letting it cool in the dark. 

The conversion of ordinary phosphorus into the red, 'phosplm'us is one 
of the most striking instances of allotropic modification. When phos- 
phorus is heated for a considerable length of time to about 450° F. 
(232° C.) in vacuo, or in an atmosphere in which it cannot burn, it 
becomes converted into an infusible mass of red phosphorus, 27,000 
gram units of heat being evolved for every 31 grams converted. This 
form of phosphorusi differs as widely from the vitreous form as graphite 
differs from diamond. It is only slowly oxidised in warm moist air, 
evolves no vapour, is not luminous, cannot be inflamed by friction, or 
even by any heat short of 500° F. (260° C.). When it is heated above 
350” 0 . it slowly sublimes as yellow phosphorus. By heating vitreous 
phosphorus in an exhausted and sealed tube to about 500° C., it is con- 
verted into a violet-black fused mass with cavities containing crystals. 
Red phosphorus is insoluble in the solvents for ordinary phosphorus. 
The two varieties also differ greatly in specific gravity, that of the 
ordinary phosphorus being 1.83, and of the red variety 2.14. 


The conversion of vitreous into red phosphorus may be effected by heating- 
it in a flask (A, fig. 202) placed in an oil-bath (B), maintained at a tempera- 
ture ranging from 450° to 460° F. 
(232° to 238° C. ), the flask being fur- 
nished with a bent tube (C) dipping 
into mercury, and with another tube 

(D) for supplying carbonic acid gas, 
dried by passing over calcium chloride. 
The flask should be thoroughly filled 
with carbonic acid gas before apply- 
ing heat, and the tube delivering it 
may then be closed with a small clamp 

(E) . After exposure to heat for about 
forty hours, but little ordinary phos- 
phorus will remain, and this may be re- 
moved by allowing the mass to remain 
in contact with carbon disulphide for 
some hours, and subsequently washing- 
it with fresh disulphide till the latter 
leaves no phosphorus when evaporated. 

On the large scale, the red phosphorus is prepared by heating about 200 lbs. 
of vitreous phosphorus to 450° F. (232° C.) in an iron boiler. After three or four 
weeks the phosphorus is found to be converted into a hard red brittle mass, which 
is ground by mill-stones under water, and separated from the ordinary phosphorus 
either by carbon disulphide or caustic soda, in which the latter is soluble. The 
temperature requires careful regulation, for if it be allowed to rise to 350° 0., the 
red phosphorus resumes the -dtreous condition. This reconversion may be sho-mi 
by heating a little red phosphorus in a narrow test-tube, when drops of vitreous 
phosphorus condense on the cool part of the tube. The colour of different speci- 
mens of red phosphorus varies considerably, depending upon the temperature 
at which the conversion has been effected ; that prepared on the large scale 
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is usually of a dark purplish colour, but it may be obtained of a bright scarlet 
colour. Ebombobedral crystals of the red phosphorus, resembling crystals of 
arsenic in form and ^metallic appearance, have been obtained by fusing phos- 
phorus with lead, and dissolving out the latter with .diluted nitric acid (sp.^gr. i.i). 
Similar crystals have been obtained by heating red phosphorus to 530 C. in a 
vacuous tube. 


' Ordinary pliospliorus is very poisonous, whilst red phosphorus 
appears to be harmless. The former is employed, mixed with fatty 
substances, for poisoning rats and beetles. Cases are, unhappily, not 
very rare, of children being poisoned by sucking the phosphorus compo- 
sition on lucifer matches. The vapour of phosphorus also produces a very 
injurious effect upon the persons engaged in the manufacture of lucifer 
'matches, resulting in the decay of the lower jaw-bone. The evil is much 
mitigated by good ventilation, or by diffusing turpentine vapour through 
the air of the workroom, and attempts have been made to obviate it 
entirely by substituting red phosphorus for the ordinary variety, hut, 
as might be expected, the matches thus made are not so sensitive to , 
friction as those in which the vitreous phosphorus is used. 

The difference between the two varieties of phosphorus, in respect to 
chemical energy, is seen when they are placed in contact with a little 
iodine on a plate, when the ordinary phosphorus undergoes combustion 
and the I’ed phosphorus remains unaltered. 

Ordinary phosphorus, when moist, is capable of direct union with 
oxygen, chlorine, bromine, iodine, sulphur, and most of the metals, 
with which it forms phosphides or phosphurets. Even gold and plati- 
num unite with this element when heated, so that crucibles of these 
metals are liable to corrosion when heated in contact with a phosphate 
in the presence of a reducing agent, such as carbon. Thus the inside 
of a platinum dish or crucible is I'oughened when vegetable or animal 
substances containing phosphates are incinerated in it. The presence 
of small quantities of phosphorus in iron or copper produces consider- 
able effect upon the physical qualities of these metals. 

Phosphorus has the property, a very remarkable one in a non-metal, 
of precipitating some metals from their solutions in the metallic state. 
If a stick of phosphorus be placed in a solution of sulphate of copper, it 
becomes coated with metallic copper, the phosphorus appropriating the 
oxygen. This has been turned to advantage in copying very delicate 
objects by the electrotype process, for by exposing them to the action of 
a solution of phosphorus in ether or carbon disulphide, and afterwards 
to that of a solution of copper, they acquu’e the requisite conducting 
metallic film, even on their finest filaments. Solutions of silver and gold 
ni’o reduced in a similar manner bj’^ phosphorus. 


liy floating very minute scales of ordinary phosphoru-s upon a dilute solution of 
chloride of gold, the metal will be reduced in the form of an extremely thin film, 
winch may be miscd upon a glass iilate, and will be found to have various shades 
of green and \iolct by transmitted light, dependent upon its thickness, whilst its 
thickest part exhibits the ordinarj- colour of the metal to reflected light. By 
heating the films on the plate, A'arious shades of amethyst audruby are developed. 
If a very- dilute solution of chloride of gold in distilled water be placed in a 
jicrfcctly clean bottle, .and a few drops of ether, in which phosphorus has been 
dissolved, poiirod into it, a beautiful ruby-coloured liquid is obtained, the colour 
of which is due to metallic gold in an extremely finely divided state, and on 
allowing It to .stand for some months, the metal subsides as a purple powder 
Ic.nving the liquid colourless. If any saline impurity be present in the gold 
solution, the colour of the reduced gold will be amethyst or blue. These" ex- 
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periments illustrate very strikingly the use of gold for imparting ruby and purple 
tints to glass and the glaze of porcelain. 

160. Lucifer matches are made by tipping the wood with sulphur, or 
wax, or paraffin, to convey the flame, and afterwards with the match com- 
position, which is generally composed of saltpetre or potassium chlorate, 
phosphorus, red lead, and glue, and depends for its action on the easy 
inflammation, by friction, of phosphorus when mixed with oxidising 
agents like saltpetre (KNO3), potassium chlorate (KCIO3), or red lead 
(Pb30J, the glue only serving to bind the composition together and 
attach it to the wood. The composition used by different makers varies 
much in the nature and proportions of the ingredients. In this 
country, potassium chlorate is most commonly employed as the oxi- 
dising agent, such matches usually kindling with a slight detonation ; 
but the German manufacturers prefer either potassium nitrate or lead 
nitrate, together -svith lead dioxide or red lead, which produce silent 
matches. 

Sulphide of antimony (which is inflamed by friction with potassium 
chlorate, see p. 180) is also used in those compositions in which a part 
of the phosphorus is employed in the red form, and fine sand or 
powdered glass is very commonly added to increase the susceptibility of 
the mixture to inflammation by friction. 

The match composition is coloured either with ultramarine blue, Prus- 
sian blue, or vermilion. In preparing the composition, the glue and the 
nitre or chlorate are dissolved in hot water, the phosphorus then added 
and carefully stirred in until intimately mixed, the whole being kept at 
a temperature of about 100° F. (38° 0 .). The fine sand and colouring 
matter are then added, and when the mixture is complete, it is spread 
out upon a stone slab heated by steam, and the sulphured ends of the 
matches are dipped into it. 

The safety matches, which refuse to ignite unless rubbed upon the 
sides of the box, are tipped with a mixture of antimony sulphide, potas- 
sium chlorate and powdered glass, which is not sufficiently sensitive to 
be ignited by any ordinary friction, but inflames at once when rubbed 
upon the red phosphorus mixed with glass, which coats the rubber on 
the sides of the box. 

It would be very desirable to dispense entirely with the .use of phos- 
phorus in lucifer matches, not only because of the danger from accident 
and disease in the manufacture, but because a very large quantity of 
phosphate of lime which ought to be employed for agricultural purposes 
is now devoted to the preparation of phosphorus, of which six tons are 
said to be consumed annually in this country for the manufacture of 
matches. The most successful attempt in this direction appears to be 
the employment of a mixture of potassium chlorate and lead hypo- 
sulphite, in place of the ordinary phosphorus composition. 

For illustration, very excellent matches may be made upon the small scale in 
the following manner. The slips of wood are dipped in melted sulphur so as to 
acquire a slight coating. Thirty grains of gelatin or isinglass are dissolved in 
2 drachms of water in a porcelain dish placed upon a steam-bath ; 20 grains of 
ordinary phosphorus are then added, and well mixed in with a piece of wood ; to 
this mixture are added, in succession, 15 grains of red lead and 50 grains of 
powdered potassium chlorate. The sulphured matches are dipped into this paste, 
and left to dry in the air. 

To make the safety matches : 10 grains of powdered potassium chlorate and 
10 grains of antimony sidphidc are made into a paste with a few drops of a warm 
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solution of 20 grains of gelatin in 2 drachms of -water, the sulphured matches 
being tipped with this composition. The rubber is prepared with 20 of 

red phosphorus, and 10 grains of finely powdered glass, mixed with the solution 
of gelatin, and painted on paper or cardboard uuth a brush. _ 

161. Phosplwrm-fuze composition.— Ho ignite the Armstrong porcussion shells, a 
very sensitive detonating composition was employed, which is composed of red 
phosphorus, potassium chlorate, shellac, and powdered glass, rnado into a paste 
with spirit of wine. This was placed in the little cap designed for it, and when 
dry, wate^roofed with a little shellac dissolved in spirit. The fuses were found 
too sensitive to bear transport. . . -r 

Such a composition may be prepared with care in the following manner 
grains of powdered potassium chlorate are moistened on a plate with 6 drops 
of spirit of wine, 4 grains of powdered red phosphorus are added, and the 
whole mixed, at arm’s length, with a bone-knife, avoiding great pressure. The 
mixture, which should still be quite moist, is spreiid in small portions upon ton 
or twelve pieces of filtering paper, and left in a safe place to dry. If one of 
these be gently pressed with a stick, it explodes with great violence. It is 
dangerous to press it with the blade of a knife, as the latter is commonly broken, 
and the pieces projected with considerable force. A stick dipped in oil of vitnol 
of course explodes it immediately. If a bullet be placed very lightl}* upon one of 
the pellets, and the paper tenderly -wrapped round it, a percussion shell may be 
extemporised, which explodes -with a loud report when dro^iped upon the floor. _ 
The detonating toys known as amorces fulminantes are made by enclosing this 
composition between two pieces of thin paper. 1000 of them contain 70 grains of 
the composition. 

162. Oxides of Phosphouus. — Four compounds of pliospliorus and 
oxygen are known, their formulae being P^O, F4O5, PjO^, and PjOg. Of 
these PPj and P,Oj, are anhydrides, the others are neutral oxides. 


Phosphouic Acids and Phosphates. 

163. The phosphates are by far the most important of the compounds 
of phosphorus. They have been already noticed as almost the only 
forms of combination in which that element is met with in nature, and 
as indispensable ingredients in the food of plants and animals. No 
' other mineral substance can bear comparison with calcium phosphate as 
a measure of the capability of a country to support animal life. Phos- 
phoric acid itself is very useful in calico-printing and in some other 
arts. 

The mineral sources of this acid appear to be 'phosphorite, coprolite, 
and apatite, all consisting essentially of calcium phosphate, Cajj(P04)„ 
but associated in each case with calcium fluoride, which is also contained, 
with calcium phosphate, in bones, and would appear to indicate an 
organic origin for these minerals. Phosphorite is an earthy-looking - 
substance, forming large deposits in Estremadura. Apatite (from 
au-avdoj, to cheat, in allusion to mistakes in its early analysis) occurs in 
prismatic crystals, and is met with in the Cornish tin-veins. Both • 
these minerals are largely imported from Spam, Norway, and America, 
for use m this country as a manure. Coprolites (xoVpov, dimg, \l6os, a 
stone, from the idea that they were petrified dung) are rounded nodules 
of ^Icium phosphate, which are found abundantly in this country. 

Large quanties of phosphates of calcium and magnesium are im- 
ported in the form of guano, the partially decomposed excrement of 
sea-fowl. 

Phosphoric acid is obtained from bone-ash by decomposing it mth 
sulphuric acid, so as to remove as much of the lime as possible in the 
form of sulphate, which is strained off, and the acid liquid neutralised 
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witli ammonium, carbonate, wbicb precipitates any unchanged calcium 
phosphate, and converts the phosphoric acid into ammonium phosphate. 
On evaporating the solution, and heating the ammonium phosphate, 
ammonia and water are expelled, and metaphosphoric acid (HPO3) is 
left in a fused state, solidifying to a glass on cooling. Thus prepared, 
however, it always retains some ammonia, and is contaminated with soda 
derived from the bones. 

This method of prepai-ing phosphoric acid is illustrative of one very 
generally employed in the preparation of those acids which cannot be 
distUled. In the preparation of most of the acids heretofore considered, 
advantage is taken of their great volatility, compared with that of 
sulphuric acid, to obtain them from their sodium salts. It is possible 
to liberate phosphoric acid from its sodium salt by the action of 
sulphuric acid ; but since phosphoric acid is not more volatile than 
sulphuric acid, it is difficult to separate the sodium sulphate produced 
by the combination of the sulphuric acid with the sodium of the sodium 
phosphate, from the phosphoric acid, both of them remaining in solu- 
tion. In such cases advantage is taken of the insolubility of calcium 
sulphate or of barium sulphate ; when a calcium or barium salt of the 
required acid is treated with sulphuric acid, calcium sulphate or barium 
sulphate is precipitated and may be separated from the solution con- 
taining the desired acid by filtration. The treatment of a lead salt of 
the acid with hydrosulphuric acid, whereby lead sulphide is precipitated, 
is another method for preparing acids, based on the same principle. 

Pure phosphoric acid is prepared by oxidising phosphorus with 
diluted nitric acid (sp. gr. 1.197) and evaporating the solution until the 
phosphoric acid begins to volatilise in white fumes; 5H]Sr03 + P3 = 
sHPOg-f HjO-f sNO.^ Some phosphorous acid is formed at an inter- 
mediate stage. A transparent glass {glacial phosphoric acid) is thus 
obtained, which eagerly absorbs moisture from the air, and becomes 
liquid. That which is sold in sticks contains much sodium metaphosphate. 

The addition of a little bromine greatly facilitates the action of nitric acid upon 
phosphorus, apparently by forming the phosphorus pentabromide, which is then 
decomposed by water ; PBr^ + 4H„0 = H3PO4 + 5HBr. The hydrobromic acid being 
then acted on by nitric acid, bromine is set free to act upon a fresh quantity of 
phosphorus; 3HBr + HN03=Br3 + 2H„0 + N 0 . When iodine is also added, the 
action is still better. 

I oz. (or aSgrms.) of phosphorus is placed in 6 oz. (or 170 c.c.) of water and 5 grs. 
(or 0.32 grm.) of iodine are added ; then, drop by drop, 30 grs. (or 1.94 grms.) of 
bromine. When the action is over, 6 oz. (or 170 c.c.) of nitric acid (sp. gr. 1.42) 
are added, and the vessel is placed in cold water. When the phosphorus has 
dissolved, the solution is evaporated till its temperature rises to about 400° F. 
(204° C.) in order to expel the excess of nitric acid, the bromine, and the iodine. 

Phosphoric anhydride, or phosphorus pcntoxidc is prepared by 

burning phosphorus in dry air. 

When required in considerable quantity, the anhydride is prepared by burning 
the phosphorus in a small porcelain dish (A, fig. 203) placed under a bell jar 
which fits in a groove containing mercury and surrounding a glass funnel. Air 
is drawn through the apparatus by an aspirator attached to the tube C, the empty 
bottle serving to catch the PoOj carried over by the current. A drying tube, con- 
taining pumice moistened with oil of vitriol, is attached to the lateral neck of the 
bell- jar in order to dry the entering air. When all the phosphorus has been burnt 
the bell maybe removed, and the P3O3 swept douTi the stem of the funnel into a 

* Orthophosplioric acid is first formed, 51100.03! + P^f sHOH — 3PO(OB.)3-{- 5NO ; 
but this loses water during the evaporation, P_0(0H)3-IIo0 = POi(OH). 
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dry bottle. A small quantity of phosphoric anhydride’ is more conveniently 
prepared by burning phosphorus under a large bell-jar as shown in lig. 24. 

Phosphoric anhydride may be fused at a very high temperature, and 
even subhmed ; it is amorphous. Its great feature is its attraction for 
water ; left exposed to the air for a very short time, it deliquesces 
entirely, becoming converted into phosphoric acid. It is often used by 
chemists as a Miydrating agent, and will even remove water from oil of 



vitriol. When thrown into water, it hisses lilce a red-hot iron, but does 
not entirely dissolve at once, a few flakes of metaphosphoric acid (?) 
remaining suspended in the liquid for some time. 

The solution obtained by dissolving phosphoric anhydi’ide in water 
contains monoJiydn’ated yhos'plim'ic acid or meta'pliosphoTic acid (HjO.PjOj 
or HPOg) the analogue of nitric acid. If a little silver nitrate be added 
to a portion of it, a transparent gelatinous precipitate is formed, which 
is the silver metaphosphate (AghTOj-f HPOj^HNOg-f AgPOg). 

If the solution of metaphosphoric acid be heated in a flask for a short 
time, it will lose the property of yielding a precipitate with silver nitrate, 
unless one or two drops of ammonia be added to neutralise it, when an 
opaquewhite precipitate of silver pyrophosphate (2 AggO.PgO^ or Ag^P„Oy) 
IS obtained, for the phosphoric acid has now been converted into the 
dihydrated or pyrophosphoric acid (2lI,0.P205 or H^P^O.). The forma- 
tion of the precipitate is thus expressed — 

Wb b + 4NH3 - Ag,P„ 0 , + 4 NH,N 03 . 

f ^ solution of pyrophosphoric acid is mixed with more water 
v^i.1 ^ lo^g time, it gives, when tested with silver nitrate and a 

? ^'^Q°,^^’^y®^^o^P’^ecipitate of silver orthophosphate (3Ag20.Po05 
^4) ! the phosphoric acid having become converted into tri- 
ly j a e j>aosp)lioric acid or wthopTiosplimdc acid (3II2O.P2O3 or 'HjPO^), 
an ac mg upon the silver nitrate in the presence of ammonia, thus — 

^ H3PO, + 3 AgN 03 + 3NH3 = Ag3PO, 3NH,N03. 
e reverse changes occur when orbhophosphoric acid is heated, this 
ecoming pyrophosphoric acid at 300” C., and metaphosphoric acid at a 
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The 2WopTwsphm'iG acid (H^PjO.) cannot be obtained by the above 
process -without an admixture of one of the other acids, but it has been 
obtained in crystals by decomposing the lead pyrophosphate (PbjPjOj) 
■with hydrosulphuric acid, and evaporating the filtered solution in vacuo 
over oil of vitriol. 

Trihydrated fhosylimdc add may also be obtained in prismatic crystals, 
by evaporating its solution in a similar -way. This acid is also called 
orthopliosplioric acid (opdde, true), and common phosphoric acid, in 
allusion to the circumstance that the phosphates found in nature and 
commonly met with and employed in the arts are the salts of this acid. 

It -will be perceived, from their formulae, that metaphosphoric, HPO3, ortho- 
phosphoric, H3PO4, and pyrophosphoric acid, HjP„0„ are respectively monobasic, 
tribasic, and tetrabasic acids. The normal sodium salts of these acids are, re- 
spectively, metaphosphate, NaPOj, orthophosphate, NajPO^, and pyrophosphate, 
Na^PoO,. The hydrogen in orthophosphoric and pyrophosphoric acids may be 
only "partlj' replaced by a metal ; thus there are two other orthophosphates of 
sodium, viz., hydrodisodium phosphate. HNa„PO., and dihydrosodium phosphate, 
H„NaPO^. 

The jdiosphates commonty met with are all derived from orthophosphoric acid : 
for example, bone-ash, or tricalcium orthophosphate, Ca3(P0^)„ ; superphosphate, 
or monocalcium orthophosphate, CaH^(P04)„; common phosphate of soda, or 
hydro-disodmm orthophosphate, HNa„P04 ; microcosmic salt, or hydro-ammonio- 
sodium orthophosphate, HNH4Na(P04J. 

Pyrophosphates and metaphosphates may be obtained by the action of heat on 
the orthohydrogen phosphates. 

Thus, if a crystal of the common rhombic sodium phosphate (HNa2P04.i2Aq) 
be heated gently in a crucible, it melts in its water of crystallisation, and gradu- 
ally dries up to a white mass, the composition of which, if not heated beyond 
300° F. (149° C.), will be Na2HP04. If a little of this white mass be dissolved in 
water, the solution will he' alkaline to red litmus-paper ; and if silver nitrate 
(itself neutral to test-papers) be added to it, a yellow precipitate of silver ortho- 
phosphate will be obtained, and the solution will become strongty acid — 

Na„HP04 -t- sAgNOs = Ag3P04 -f 2NaN03 + HNO3. 

If the dried sodium phosphate be now strongly heated over a lamp, it will lose 
water, and become pyrophosphate (ivvp,fire') ; 2Na3HP04 = H „0 + NajPoO,. On dis- 
solving this in water, the solution will be alkalinel^and will give with silver nitrate 
a white preciiDitate and a neutral solution ; NajP.^O.-f 4AgN03=Ag4P„0,-f 4NaN03. 

Microcosmic salt (NaNH4HP04.4Aq), when dissolved in water, yields an alka- 
line solution which gives a yellow precipitate with silver nitrate, the liquid becom- 
ing acid; NaNH4HP0,-f3AgN03=Ag3PO4-fNaNO3-t-NH4NO3-f HNO3. 

But if the salt be heated in a crucible, it fuses, evolving water and ammonia, 
and leaving a transparent glass of sodium metaphosphate; NaNH4HP04= 
H.,0-^NH3-^-NaP03, which may be dissolved by soaking in water, yielding a 
slightly acid solution, which gives a loMte gelatinous precipitate with silver 
nitrate, the liquid being neutral; NaP0j-tAgN03= AgP03-{-NaN03. 

All the phosphates maybe converted into orthophosphates, by fusing them with 
alkaline hydrate or carbonate, or by boiling them for some time with dilute acids.’*" 

164. Phosphorous anhydride is a product of the slow combustion of 

phosphorus, and, by carefully regulating the combustion, may be made to consti- 
tute 50 per cent, of the oxides produced, the remainder being P3O5. It is prepared 
by drawing a slow current of air over ignited phosphorus and causing the product 
to pass, first through a tube maintained at about 60° C., a temperature at which 
P2O3 will condense, and then through a U-tube surrounded by a freezing mixture. 
In this • tube the P4O3 will solidify. It forms feathery crystals which melt at 
22.5° C. : it boils at 173° C., and is decomposed at higher temperatures (in a 
sealed tubb) according to the equation 2P406=3P„04-rPo. It dissolves slowly in 
cold water, forming phosphorous acid, P^Og-ffiHOII = 4P(OH)3 ; hot wmter decom- 
poses it with, great %iolence. It burns in oxygen, forming PoO^, and in chlorine, 

_ * It b.as been remarked that the pliancy of the acid character of phosphoric acid par- 
ticularly fits it to take part in the -vital phenomena. It may be regarded as three acids 
in one. \ 
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forming POCI3 and PO„Cl (?). Its combustion in oxygen is attended by all the 
ijlienomena of phosphorescence shown by phosphorus, but no ozone is produced. 

Phosphorus tetroxule, P„ 0 ^, corresponding with N.p^, is obtained _ as a very 
deliquescent crystalline sublimate by heating P40g to about 440 C. in a sealed 
tube fiUed with CO„; the white Pp^ becomes orange, from the production of 
red phosphorus, and P^O^ sublimes in deliquescent colourless . crystals. When 
dissolved in water it is converted into a mixture of pihosphorous and orthophos- 
phoric acids, just as nitric peroxide, N2O4, is converted into nitrous and nitric 
acids; P„04 + 3H„0=H3P04 + H3P03. 

Phosphorous acid, H3PO3 or P(OH)3, is obtained in solution, mixed with phos- 
phoric acid, when sticks of phosphorus arranged in separate tubes open at both 
ends, and, placed in a funnel over a bottle, are exposed under a bell-jar, open^ at 
the top, to air saturated with aqueous vapour. To obtain the pure acid, chlorine 
is very slowly passed through phosphorus fused under water, when the phos- 
phorous chloride first formed is decomposed by the water into phosphorous and 
hydrochloric acids; PClj-f 3H„0 = P(0H)3 + 3HC1. The_ hydrochloric acid, is ex- 
pelled by a moderate heat, when the phosphorous acid is deposited in prismatic 
crystals. WTien heated, it is decomposed into phosphoric acid and gaseous phos- 
phuretted hydrogen ; 4H3P03 = 3H3P04-hPH3. 

Solution of phosphorous acid gradually absorbs oxygen from the air, becoming 
phosphoric acid. This tendency to absorb oxygen causes it to act as a reducing 
agent upon many solutions ; thus it precipitates finely divided metallic silver 
from a solution of the nitrate, by which its presence may be recognised in the 
water in which ordinary phosphorus has been kept. The solution of phosphorous 
acid even reduces sulphurous acid, producing sulphuretted hydrogen and sulphur, 
the latter being formed ,by the action of the sulphuretted hydrogen upon the sul- 
phurous acid ; H^SOj + 3H3PO3 = 3H3PO4 + H3S. Some metals dissolve in it, 
evolving PH3. 

If solution of phosphorous acid be poured into a hydrogen apparatus, some 
hydrogen phosphide is formed which imparts a fine green tint to the hydrogen 
flame. 

It used to be thought that phosphorous acid was dibasic, and therefore con- 
tained only two OH groups, because none of its salts could be prepared without 
containing at least one atom of H. The salt NajPOg has now been prepared, and 
the formula PHO(OH)2 has given way to P(OH)3, which is also indicated by the 
reaction between PCI3 and HOH. 

165. Hijpophosphorous acid, HgPO, or PH„ 0 ( 0 H). — When phosphorus is boiled 
with barium hydroxide and water, the latter is decomposed, its hydrogen combin- 
ing with part of the phosphorus to form hj'drogen phosphide (spontaneously inflam- 
mable), which escapes, whilst the oxygen of the water unites with another part 
of the phosphorus, forming hypophosphorous acid, which acts on the baryta to 
form barium hypophosphite ; this may be obtained by evaporating the solution 
in crystals having the composition (PH„ 0 . 0 )„Ba. The action of phosphorus upon 
barium hydroxide may be represented 6y the equation — 

3Ba(OH)3 -^ 6 H „0 -I- P^ = 3(PH30.0)3Ba -l- 2PH3. 

Barium hydroxide. Barium hypophosphite. 

Some barium orthophosphate is also formed at the same time, as' the result of a 
secondary action. 

By dissolving the barium hypophosphite in water, and decomposing it with the 
requisite quantity^ of sulphuric acid, so as to precipitate the barium as sulphate, 
a solution is obtained which may be concentrated by careful evaporation. If 
this hypophosphorous acid be heated, it evolves hydrogen phosphide, and becomes 
converted into phosphoric acid; 2H3P03=H3P04 4-PH3. When exposed to the 
air it absorbs oxygen, and becomes converted into phosphorous and phosphoric 
acids. It is a more powerful reducing agent than phosphorous acid. The latter 
acid does not reduce a solution of cupric sulphate, but hypophosphorous acid, 
when gently' warmed with it, gives a brown precipitaf.e of citjjrous hydride (CuH), 
which is decomposed by boiling, evolving H and leaving Cu. 

When heated, the hypophosphites evolve hydrogen phosphide, and are converted 
into phosi^hates. The sodium hypophosphite, PH3O. ONa, is sometimes used in 
medicine; its solution has been known to explode with great violence during 
evaporation, probably from a sudden disengagement of hydrogen phosphide. Hy- 
pophosphites, when boiled with caustic alkalies, are converted into phosphates 
hydrogen being evolved ; phosphites are unchanged. ' 
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The following is a summary of the acids formed hy p]io<i])horus icith oxygen and 
hydrogen : — 

Hypophospliorous acid PH„ 0 ( 0 H) 

Phosphorous » . • . • • • • FCOH)^ 

Metaphosphorio PO„.(OH) 

Orthophosphoric POCOH)^ ' 

Pyrophosphoric P„03(0H)4 

166. Suhoxide of phosphorus, P4O, is supposed to constitute the yellow or red 
residue which is left in the dish when phosphorus burns in air, but it is always 
mixed with much phosphoric anhydride. 


Structure of acids . — Attention has already been called to the theory 
that oxy-acids contain hydroxyl groups and that they owe their basicity 
to the number of these groups (p. 158,187). Since the group OH is mono- 
valent it is reasonable to suppose that the atom of an element would be 
capable of combining with one of these groups for each atom fixing 
power Avhich it possesses. Thus, the maximum valency of phosphorus 
being five (as seen from the chloride, POl^) the acid P(OH)g might he 
expected to exist, although it is not known. It is customary to term 
such hydroxyl compounds of the elements ortho-acids, and to regard 
other oxyacids as being derived from the oi-tho-acids by loss of water ; 
these oxy-acids are called anhydro-a^ids to express this view. 

According to this conception, the name orthophosphoric acid, which 
has been given to H3PO4, is a misnomer, for this acid is really the first 
anhydro-acid of true orthophosphoric, P(0H)5, which is unknown, 
Pyro-phosphoric acid is the second and metaphosphoric acid the third 
anhydro-acid from true orthophosphoric acid, as will be apparent from 
the following: — 


P(0H)3 - H„0 = P0(0H)3, “ orthophosphoric acid ” ; 


PO(OH)3l _ H 0 - ^ 
PO(OH), 1 - u 


p<; 


pyrophosphoric acid ; 


" 0 ( 0 H)„ 

P0(0H)3 - H „0 = PO./OH), metaphosphoric acid. 


Only a few ortho-acids are known, although the existence of several others is 
indicated by the fact that some of their salts (chiefly organic salts) have been 
isolated. The ortho-acids are generally very unstable, tending to lose water and 
to become anhydro-acids. Thus, ortlwcarbonic acid, C(OH)4, has never been 
prepared, although several organic ortho-carbontites of the type C(OM)^, in which 
M is an organic basic radicle, are known. It will be remembered that the 
anhydro-acid, CO(OH)3( = C(OH)4.- H3O), carbonic acid, is supposed to exist in the 
aqueous solution of CO„ ; but this also readily loses water, yielding the true 
anhydride, CO„( = CO(OH)3 - H„ 0 ). OrtkosulpJmric acid, S(OH)3, probably exists in 
an aqueous solution of sulphuric acid, for the maximum contraction which occurs 
when H3SO4 and H „0 are mixed takes place when the proportion of acid to water 
is expressed by the formula H3SO4.2H3O or H^SOg. It very readily loses water, 
however, when heated, and if the evaporated solution be cooled to 8° C. the 
anhydro-acid, SO(OH)4 or H^SOj.HoO, crystallises, which in its turn loses water 
when heated, becoming the most stable anhydro-acid of sulphur, H„SO. or 
SO„(OH)„. The solution of SO3 in H„S04 (B[„S., 0 ,), which melts at 35° C.'and is 
called anhydrosulphuric acid, must be regarded as a further anhydride of 
sulphuric acid — 


SO„(OH )4 

so:(OH):; - 


H „0 = 


S <03(0H) 

s 

0 „(OH) 


Ortho-silicic acid, Si(OH)4, is believed to exist in solution (p. 123), but it very 
easily loses water, becoming, the anhydro-acid, SiO(OH)„, metasilicic acid. By 
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the loss of -water from several molecTiles 

complex type -w'ould result; thus — 


Si(OHX) 
Si(OH)^ ■ 
Si(OH)^ 


2 H ,0 


of orthosilicic acid, anhydro-acids of 


Si<g)H)3 


= Si 


^(0H)3 

0 

<( 0 H )3 


The mineral silicates are undoubtedly derived from such comirlex silicic acids, 
the existence of -which is, in many cases, also indicated by the isolation of acid 
chlorides (p. 187) corresponding -with them. _ - 

Orthoboric acid, B(OH)3, is well known. Orthonitric acid, NCOH)^, is not known ; 
ordinary nitric acid is the anhydro-acid NO^COH). 

The ortho-acid of chlorine should be Cl(OH)„ for this element^ is probably 
heptavalent to elements other than hydrogen ; but no anhydro-acid intermediate 
between this and C103(0H), perchloric acid, is known. Ortho-iodic acid, I(OH),, 
is unknown ; periodic acid, I0(0H)3, is the first anhj'dro-acid from ortho-iodic 

acid. _ • -n u 

On reviewing the highest oxy-acids of the non-metallic elements, it will be 
found to be generally true that those acids are the most stable which contain the 
same number of hydroxyl groups in the molecule as there are hydrogen atoms in 
the highest hydrogen compound of the element. 


Phosphides of Hydrogen. 

167. Although phosphorus and hydrogen do not combine directly, 
there ahe three compounds of these elements producible by processes of 
substitution, viz., PHj, gas ; PjH^, liquid ; P4H2, solid. 

Gaseous hydrogen phosphide, or phosphuretted hydrogen, or phosphine 
(PH3= 34 parts by weight = 2 volumes = | volume P + 3 volumes H), is 
by far the most important of these. It has been mentioned above as 
resulting from the action of heat upon phosphorous acid, and when 
prepared by this process, it is obtained as a colourless gas, with a most- 
powerful odour of putrid fish, inflaming on the approach of a light, and 
burning with a brilliant white flame, 
producing thick clouds of phosphorus 
pentoxide. It is slightly heavier than 
air (sp. gr. i.ig),and has been lique- 
fied at - 90° 0. and solidified at 
- 133° C. ; it boils at — 85°. 

The ordinary method of preparing this 
gas for experimental purposes consists 
in boiling phosphorus with a strong solu- 
tion of potash, when water is decomposed, 
its hydrogen combining with one part 
of the phosphorus, and its oxygen with 
another part forming hypophosphorous 
acid, which unites with the potash — 

P4 3KOH + 3BUO = PH3 3PH3O (OK). 

A few fragments of phosphorus are 
introduced into a small retort (fig. 204), 
which is then nearly filled with a strong 
solution of potash (45 grains of stick Pig. 204. 

potash in 100 o.c. of water), and heated. Preparation of phosphuretted hydrogen. 
The extremity of the neck of the retort 

should not be plunged under water until the spontaneously inflammable gas is 
seen burning at the orifice, and the retort must not be placed close to the face of 
the operator, since explosions sometimes take place in preparing the gas, and the 




254 


HYDROaEN PHOSPHIDES. 


boiling potash produces dangerous effects. The gas may be collected in small 
jars filled with water, taking care that no bubble of air is left in them. It 
contains hydrogen phosphide mixed with free hydrogen, the latter being formed 
from the d'e-oxidation of water by the potassium hypophosphite. As each bubble 
of this gas escapes into the air through the water of the pneumatic trough, it 
burns with a vivid white flame, producing beautiful wreaths of smoke (phosphoric 
anhydride), resembling the gunner's rings sometimes seen in firing cannon. Small 
bubbles sometimes escape without spontaneously inflaming. If a bubble be sent 
up into a jar of oxygen, the flash of light is extremely vivid, and the jar must be 
a strong one to resist the concussion. It is advisable to add a trace of chlorine 
to the oxygen, to insure the inflammation of each bubble, for an accumulation of 
the gas would shatter the jar. 

If this gas be passed through a tube cooled in a freezing mixture of ice and 
salt, the gas escaping from the tube is found to have lost its spontaneous in- 
flammability, although it takes fire on contact with flame. The cold tube con- 
tains the liquid hydrogen phosphide (P„H^), which was present in the gas in the state 
of vapour, and caused its spontaneous inflammability, for as soon as the liquid 
comes in contact with air it takes fire. When exposed to light, the liquid phos- 
phide is decomposed into the gaseous phosphide, and a yellow solid phosphide 
(P^Ho), which is not spontaneously inflammable ; 5P„H^ = P^H2-b6PH„. It is for 
this reason that the spontaneously inflammable gas loses that property when kept 
(unless in the dark), depositing the solid phosphide upon the sides of the jar. 

By passing a few drops of oil of turpentine up through the water into a jar of 
the spontaneously inflammable gas, this property will be entirely destroyed. 

Hydrogen phosphide, when passed through solutions of some of the metals, pre- 
cipitates their phosphides. For example, with cupric sulphate it gives a black 
precipitate of cupric phosphide ; 3CuSO,-j-2PH3=3H„SOj-f PoCUj, 

When this black precipitate is heated with solution of potassium cyanide, it 
evolves self-lighting hydrogen phosphide.^ In fact, this is one of the easiest and 
safest methods of preparing this gas ; for the cupric phosphide is readily obtained 
by simply boiling phosphorus in a solution of cupric sulphate. 

Phosphine is absorbed by strong sulphuric acid, and, after a time, acts upon it 
with great evolution of heat, SO2 being formed and sulphur deposited. Sulphur 
decomposes it in sunshine ; aPHg-f Ss=P„S3-b3H2S. 

The spontaneously inflammable hydrogen phosphide may also be obtained by 
throwing fragments of calcium phosphide into water ; this substance is prepared 
by passing vapour of phosphorus over red-hot quicklime, or simply by heating 
small lumps of quicklime to bright redness in a crucible and throwing in frag- 
ments of phosphorus, closing the crucible immediately. The dark brown mass 
thus obtained is a mixture of pyrophosphate and phosphide of calcium, of some- 
what variable composition. The calcium phosphide has been used in life-buoys 
for indicating by the flare their position on the water. 

Phosphine has great pretensions to I’ank as the chemical analogue of 
ammonia, for although it has no alkaline properties, it is capable of 
-combining with hydrobromic and hydriodic acids to form crystalline 
compounds such as ‘phosplionium, iodide PH^I, analogous to ammonium 
bromide and iodide; these compounds, however, are decomposed by 
water. It will be seen hereafter, that when the hydrogen in phospliine 
is displaced by certain compound radicles, such as ethyl, powerful 
■organic bases are produced. 

When phosphine is decomposed by a succession of electric sparks, 2 volumes of 
the gas yield 3 volumes of hydrogen, the phosphorus being deposited in the red 
form. 

16S. Two chlorides of ‘phosphorus are known. The trichloride or phosphorous 
chloride (PCI3), the acid chloride of phosphorous acid, is prepared by acting upon 
phosphorus with perfectly dry chlorine in the apparatus employed (p. 237) for 
preparing the chloride of sulphur. Red phosphorus may be used, and the product 
redistilled with a little vitreous phosphorus to decompose any PClj. Phosphorous 

* Cupric cyanide and potassium phosphide being formed, and the latter decomposed 
by water, giving hydrogen phosphide and potassium hypophosphite. 
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chloride distils over 'very easily (boiling point, 76° 0.), as a colourless, pungent 
liquid (sp. gr. 1.61), which fumes strongly in air, its vapour decomposing the 
moisture of the air and producing hydrochloric acid fumes. In contact with 
water the liquid is immediately decomposed, yielding hydrochloric and phos- 
phorous acids, as described for the preparation of the latter acid (p. 251). Its 
Lalogy to phosphorous anhydride is shown by its absorbing oxygen when boiled 
in the presence of that gas, and forming the ‘phosphorus oxychloride or phosphoryl 
chloride, POCI3, the acid chloride of phosphoric acid. It also absorbs chlorine with 
avidity, becoming converted into pentachloride of phosphoriis or phosphoric chloride 
(PCI ). ' This compound, however, is more conveniently prepared by passing 
chlorine through a solution of phosphorus in carbon disulphide, carefully cooled. 
On evaporation, the pentachloride of phosphorus is deposited in white prismatic 
crystals, which volatilise below 100° 0 ., and fume when exposed to air, from 
the production of hydrochloric acid. When thrown into water, it is decomposed 
into phosphoric and hydrochloric acids; PCl, + 4Ho0 = H3P04 + 5 HCl. But if it 
be allowed to deliquesce in air, only a partial decomposition takes place, and the 
phosphorus oxychloride is formed ; PCl5 + H2O = P0Cl3 + 2HCl. The same com- 
pound is obtained by distilling P„Oj with NaCl — 

2P„05 + 3NaCl = POCI3 + sHaPOj. 

This oxychloride may "also be produced by heating phosphoric chloride with 
phosphoric anhydride ; P2O5 + 3PClj = 5P0Clj. A more instructive method of pre- 
paring it consists in distilling the phosphoric chloride with crystallised boric 
acid ;■ 3 PC 1 . + 2B(0H)3=3P0C1^ + 6HC1 + BA- 
Some of the organic acids (succinic, for example) may be converted into anhy- 
drides, as the boric acid is in this case, by distilling with phosphoric chloride. 
The phosphorus oxychloride distils over (boiling point, 107“ G.) as a heavy (sp. gr. 
1.7) colourless fuming liquid of pungent odour. Of course, it is decomposed by 
water, yielding hydrochloric and phosphoric acids. It will be found of the 
greatest use in eflcecting certain transformations in organic substances. 

Fyrophosphoryl chloride, PoOjCl,, the acid chloride of pyrophosphoric acid, is a 
product of the action of NO^ on PCI3. It is a fuming liquid. 

The analogy between water and hydrosulphuric acid would lead to the expecta- 
tion that a sviphocldoride of phosphorus or thiophosphoryl chloride (PSCI3), corre- 
sponding with the oxychloride, would be formed by the action of hydrosulphuric 
acid upon phosphoric chloride; PClj-f H„S=PSClj {-2HCl. It is a colourless 
fuming liquid, which is slowly decomposed by water, giving phosphoric, hydro- 
chloric, and hydrosulphuric acids ; PSOI3+4H2O — H3P04-f 3HCl-f H„S. When 
attacked by solution of soda, the sulphochloride of phosphorus loses its chlorine 
to the sodium, and acquires an equivalent quantity of oxygen, a sodium thio- 
phosphate (Na3P03S. laH^O) being deposited in cr/stals. This salt evidently 
corresponds in composition with the sodium .orthophosphate (NajPO^. i2H„0), and 
its production is expressed by the equation — 

PSCI3 + 6NaOH = sNaCl + + 3 H„ 0 . 

Salts of similar composition may be obtained with other metallic oxides. 

^Vl^en PCljis heated above 148° 0 . it is dissociated into PCI3 and CL,, but this 
may be prevented by surrounding it with an atmosphere of PCI3, and thus its 
vapour density has been determined. 

The hromidrs and oxyhromide of phosphorus correspond mth the chlorine com- 
pounds , as also do fluorides. The latter are gaseous under ordinary conditions. 

Iodine in the solid state combines very energetically with phosphorus, hut if 
the two elements be brought together in a state of solution in carbon disulphide, 
a more moderate action ensues, and two iodides of phosphorus maybe obtained in 
^U'.stals ; a (Pis) corresponding with the trichloride, and phosphorus 

di-wdidc (Pol,), winch has no analogue either among the oxygen, chlorine, or 
bromine compounds of phosphorus. P„I, forms orange-red crvstals which are 
i°HI^P*+4l^0ir)^*^'^’ separation of red phosphorus;" 3P„I,-f I2ll„0 = 

• quantity of iodine to ordinary phosphorus, fused 

I? a acid gas, materially accelerates its conversion into 

the red modihcation, and allows the change to be effected at a much lower tem- 
perature than that required when the phosphorus is heated alone, probably because 
successive portions of vitreous phosphorus combine with the iodine to fom an 
amfiodiiie.'^’'^^' decomposed by the heat into red phosphorus 
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169. The sulphides of phosphorus maybe formed by the direct combination of 
their elements. If ordinary phosphorus be used, the experiment is not unattended 
with danger, and should be performed under water. It is safer to combine the 
amorphous phosphorus with sulphur, at a moderate heat, in an atmosphere of 
carbonic acid gas. Several sulphides are thus obtained, the most important 
being the pentasulphide, PoSj, which forms pale yellow crystals, yielding phos- 
phoric acid when decomposed by water; P2S^ + 8 H „0 = 2P0(0H)3 + 5HjS. It is 
used for replacing 0 by S in organic compounds. It combines with alkaline sul- 
phides, forming sidphojihosphates ; 3K2S + P„S5=2K3PS4. 

170. Amides. — A general reaction between ammonia and an acid 
chloride is the production of the amide corresponding with the acid 
whose chloride is being treated. The amide of an acid contains NH, 
(amidogen) in place of the hydroxyl of the acid ; the reaction may be 
regarded as consisting of an exchange of 01 for ; thus, the action . 
of ammonia on phosphoryl chloride produces the amide of “ortho- 
phosphoric acid,” P0(NH2)3, called phospho-triamide. The change may 
be written PO’Olj-b 3NH3‘H = PO(NH5)3-h 3HOI, but it will not occur 
unless excess of ammonia be present to combine with the liberated HOI, 
so that the actual reaction is POOI3 -b 6NH3 = 3NH4OI -b P0(NHj)3. 

When an amide is boiled with an acid or an alkali it reacts with the 
water*, producing the acid from which it is derived, and ammonia. Such 
a decomposition by water is termeA. hydrolysis ; PO(NH,)3-b3HOH = 
PO(OH)3-b3NH3. 

If an acid be present the NH, will immediately become an ammonium 
salt. If an alkali be present the ammonia will be evolved and the 
alkali will combine rvith the phosphoric acid. If neither acid nor 
alkali be present the change will not proceed far. 

If the sulphoohloride, PSCI3, be substituted for the oxychloride and treated 
with ammonia, the corresponding sidphosphotriamide, PS(NH„)3, is obtained. 

The action of ammonia on phosphoric chloride yields chlorophosphamide, 
PCl3(NH„)3 ; PCI3 + 2NH3 = 2HCI + POI3 (NHo),. 

When this is boiled with water, a very stable insoluble substance is obtained, 
which is phosphodiamide ; N„H4P0l3-bH20 = 3HCl + N„H3P0 (phosphodiamide). 

When heated, it evolves ammonia and becomes phosphonitrile, the analogue of 
nitrous oxide ; NoHgPO = NHg + NPO. 

The phosphamides may be regarded as being derived from the ammonium 
orthophosphates by the abstraction of 3H2O ; thus — 

(NH^ljPO^ mt7iKs 3H„0 = NgH^^PO or PO(NH„)3, Phosphotriamide. 
(NH^ljHPO^ „ „■ = N2H3PO or P 0 (NH;)NH, Phosphamide-imide. 

NH4H2PO4 „ „ = NPO, Phosphonitrile. 

Nitrogen chlorophosphhle, N^3P"3Cl5,is obtained by distilling phosphoric chloride 
with ammonium chloride ; 3PCl, + 3NH4Cl=N3P3Clo-b 12HCI. It is a crystalline 
solid, insoluble in water, and slowly decomposed by it; aPaNaClg-b ISH„0 = 
i2HCl-b3Po03(NH„)„{0H)2, pyrophosphodiamic acid, or pyrophosphoric acid, 
PoOalOH)^, in which two NHo groups have replaced two OH groups. 


ARSENIC. 

As = 75 parts by weight.? 

1 71. This element is often classed among the metals, because it has a 
metallic lustre and conducts electricity, but it is not capable of forming 
a base with oxygen, and the chemical character and composition of its 
compounds connect it in- the closest manner with phosphorus. 

* The specific gravity of the vapour of arsenic, like that of phosphorus, indicates that 
75 parts by weight only occupy half a volume. Hence the molecule of arsenic must be 
represented as As 4=2 volumes; but at very high temperatures a disposition to conform 
to the law is shown by a diminution in the vapour density. 
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In its mode of occurrence in nature it more nearly resembles the 
sulphur group of elements, for it is occasionally found in the uncombined 
state (nafive arsetiic), but far more abundantly in combination with 
various metals, forming arsenides, which frequently accompany the sul- 
phides of the same metals. The following are some of the chief arsenides 
and arsenio-sulphides found in the mineral kingdom : — 


Kupfemickel NiAs 

Arsenical nickel NiAs„ 

Tin-white cobalt CoAs^ 

Arsenical iron Fe.,As. 


Mispickel P’eSj-FeAsj 
Cobalt-glance CoSo.CoAsj 
Nickel-glance NiSo-NiAs, 


But arsenic also occurs, like the metals, in combination with sulphur ; 
thus we have red' orpiment or realgar, ASjSj, and yellow orpiment, 
ASjSg. It is from these minerals that arsenic derives its name, 
{apaeviKov, orpiment ) ; the sulphides of arsenic are also found in com- 
bination with other sulphides; thus Proiistite is a compound of the 
sulphides of silver and arsenic (3 AgjS.ASgSj) ; Tennantite contains sul- 
phide of arsenic combined with the sulphides of iron and copper ; and 
grey copper ore is composed of sulphide of arsenic with the sulphides of 
copper, .silver, zinc, iron, and antimony. In an oxidised form arsenic 
is found in condurrite, which contains arsenious anhydride (As^Og) and 
cuprous oxide. Gohalt-hloom consists of cobalt arsenate, Co3(AsO^)2. 

Arsenical pyrites is one of the principal sources of arsenic and its 
compounds, though a considerable quantity is also obtained in the form 
of arsenious oxide as a secondary product in the working of certain ores, 
especially those of copper, tin, cobalt, and nickel. 

The substance used in the arts under the name of arsenic is really 
•the arsenious oxide ; pure arsenic itself has very few useful ap- 

plications, so that it is not the subject of an extensive manufacture. 
Ai’senic can be extracted from mispickel (Fe^SjAs^) by heating it in 
earthen cylinders fitted with iron receivers in which the arsenic 
condenses as a metallic-looking crust, the heat expelling it from the 
mineral in the form of vapour. 


On a small scale it may be obtained by heating a mixture of white arsenic 
with half its weight of recently calcined char- 
coal in a crucible (fig. 205), the mixture being 
covered with two or three inches of charcoal in 
very small fragments, and the crucible so placed 
that this charcoal may be heated to redness 
first, in order to ensure the reduction of any 
oxide -which might escape from below. In order 
to collect the arsenic, another crucible, having 
a small hole drilled through the bottom for the 
escape of gas, is cemented on to the first, in an 
inverted position, with fire-clay, and protected 
from the lire by an iron plate with a hole in it 
for the crucible. The reduction of arsenious 
anhydride by charcoal is thus represented— 

As, 0 „ + C, = As, + 6 CO. 

I’or the sake of illustration, a small quantity 
of arsenic may be prepared from white arsenic 

by a method commonly employed in testin”- for Fig. 205 — Exti-action of arsenic. 
Oiat substance. A small lube' of German glass 

is drawn out to a narrow point (A, fig, 206), and sealed with the aid of the blow- 
pipc. A ^ cry minute quantity of white arsenic is introduced into the point of 
the ttibc, .and a few- fmgments of charcoal are placed in the tube itself at B. 
1 ho charcoal is heated to redness with a blow-pipe flame, and the point is then 
lic.atcd so as to drive the white arsenic in vapour over the red-hot charcoal, when 
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a shining black ring of arsenic (0) will be deposited npon the cooler portion 
of the tube. 

The arsenic thus obtained is a brittle mass of a dark steel-grey colour 
and brilliant metallic lustre (sp. gr. 5.7). It does not fuse when heated, 
unless in a sealed tube, since it is converted into vapour at 180° G. It 
is not changed by exposure to air, unless powdered and moistened, when 
it is slowly, converted into As^Og. When heated in air it oxidises 

rapidly at about -71° 0., 
giving off white fumes of 
arsenious oxide and a cha- 
racteristic garlic odour 
(recalling that of phos- 
phorus), which is also 
produced when arsenical 
pyrites is struck with a 
hammer or pick. At a 
red heat it burns in air 
with a bluish-white flame, 
Eig. 206. — Eeduotion of arsenious oxide. and in oxygen with great 

brilliancy. It is not dis- 
solved by water or any simple solvent, but is oxidised and dissolved 
by nitric acid. 

In its chemical relations to other elements, arsenic much resembles 
phosphorus, undergoing spontaneous combustion in chlorine, and easily 
combining with sulphur. Like phosphorus also, it combines with many 
metals, even with platinum, to form arsenides, and its .presence often 
affects materially the properties of the useful metals. 

Pure arsenic does not produce symptoms of poisoning till a consider- 
able period after its administration, being probably first oxidised in the 
stomach and intestines, and converted into arsenious acid. 

When arsenic is sublimed in a tube filled with hydrogen, ordinary 
or crystalline arsenic condenses on the warmer part of the tube, but 
on the cooler part, amorphous arsenic is deposited, of sp. gr. only 4.7. 
This is not so easily oxidised in moist air as the crystalline variety. 
At 360° C. it evolves heat and becomes converted into crystalline 
arsenic.* When heated in vacuo arsenic sublimes in a yellow form 
which is very unstable and rapidly becomes black. 

172. Oxides of Arsenic. — Arsenic forms two oxides, corresponding 
with phosphorous and phosphoric anhydrides, viz., As.,Og and As^Og. 

Arsenious oxide (As^Og = 396 parts by weight = 2 volumes = 2 volumes 
As -f 3 volumes 0 ). — TJnlike phosphorus, arsenic, when burning in 
air, only combines with three atoms of oxygen. Arsenious oxide, or 
tohite arsenic, is a very useful substance in many branches of industry. 
It is employed in the manufacture of glass, and of several colouring 
matters. A large quantity is also consumed for the preparation of 
arsenic acid and arsenate of soda ; it is, indeed, the source from which 
nearly all the compounds of arsenic are procured. Small quantities of 
crystalline arsenious oxide are occasionally found associated with the 
ores of nickel and cobalt. 

Another amorphous variety of arsenic has been described as a brownish-black powder 
of sp. gr. 3.7. Doubt has been expressed concerning the amorphous character of the 
allotrope of arsenic. 
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White arsenic is manufactured by roasting the arsenical pyrites, 
chiefly obtained from the mines of Silesia, in muffles or ovens, through 
which air is allowed to pass, when the arsenic is converted into As^g, 
and the sulphur into SOj, which are conducted into large chambers in 
which the As^g is deposited as a very fine powder. The iron of the 
pyrites is left partly as oxide, and partly as sulphate of iron. The 
removal of the As^g from the condensing chambers is a very unwhole- 
some operation, owing to its dusty and very poisonous character. The 
workmen are cased m leather, and protect their mouths and noses with 
damp cloths, so as to avoid inhaling the fine powder. 

This rough white arsenic is subjected to a second sublimation on a 
smaller scale in iron vessels, when it is obtained in the form of a semi- 
transparent glassy mass known as vitreous arsenious acid, which gradually 
becomes opaque from crystallisation when kept, and ultimately resembles 
porcelain. The white arsenic sold in the shops is a fine powder, 
dangerously resembling flour in appearance, but so much heavier (sp. 
gr. 3.7) that it ought not to be mistaken for it. When examined under 
the microscope it appears in the form of irregular glassy fragments, 
mixed with octahedral crystals. White arsenic softens when gently 
heated, but does not fuse (unless in a sealed tube), being converted into 
vapour at 193° 0., and depositing in brilliant octahedral- crystals upon 
a cool surface. The experiment may be made in a small tube sealed at 
one end, the upper part of which should be slightly warmed before 
heating the arsenious oxide, so as to prevent too rapid condensation, 
which is unfavourable to the formation of distinct crystals. The 
octahedra are best examined with a binocular microscope. By saturat- 
ing a boiling solution of KOH with AsPg, and allowing the liquid 
to cool, prismatic crystals (sp. gr. 4) separate. Thus As^Og is both 
amorphous and dimorphous, the amorjihotcs form (sp. gr. 3.7) being 
condensed from the vapour on a hot surface, the octahedral (sp. gr, 3.7) 
condensing on a cool surface, and the prismatic crystallising as described 
above, "^i^en crystallised from water both the other forms become 
octahedral. The change from amorphous to crystalhne arsenious oxide 
is attended bj’" evolution of heat. 

This common poison may fortunately be easily recognised by' sprink- 
ling it upon a red-hot coal, when a strong odour of garlic is percep- 
tible, due to the reduction of the As^O^ by the heated carbon ; the 
vapour of white arsenic, or that of arsenic, is itself inodorous. The 
sparing solubility of white arsenic in water is very unfavourable to its 
action as a poison, for, when thrown into ordinary liquids, it is dissolved 
in very small quantity, the greater part of it collecting at the bottom. 
Even when taken into the stomach in a soUd state, its want of solubility 
delays its operation sufficiently to give a better chance of antidotal 
tieatment than in the case of most other common poisons. Its com- 
parative insolubility is sho'ivn by its being almost tasteless. Although 
so little as 2.5 grains of white arsenic has been known to prove fatal, 
the exhibition of gradually increasing doses will so inure the system to 
the poison that comparatively large quantities can be administered at 
frequent intervals. When exhibited in this manner, white arsenic 
appeal’s to have a remarkable effect on the animal body. Grooms 
occasionally employ it to improve the appearance of horses, and in Styria 
it seems, it is taken b}’ men and women for the same purpose, apparently 
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favouring the secretion of fat. It is said that a continuance of the 
custom develops a craving for this drug, and enables it to be fcikea 
Avithout immediate danger, though the ultimate consequences are very 
serious. The antidote to the poison is ferric hydroxide, made by mixing 
magnesia with ferric chloride solution; this acts by rendering the 
arsenic insoluble. 

When thrown into water, white arsenic exhibits great repulsion for 
the particles of that liquid, and collects in a characteristic manner round 
little bubbles of air, forming small Avhite globes Avhich are not wetted 
by the water. Even if stirred with the water, and allowed to remain in 
contact with it for some hours, a pint of water (20 oz.) would not take 
up more than 20 grs. If boiling water be poured upon powdered white 
arsenic, and allowed to remain in contact with it till cold, it will dissolve 
about weight (22 grs. in a pint). 

When powdered white arsenic is boiled with water for two or three 
hours, 100 parts by weight of water may be made to dissolve 11.5 parts, 
and when the solution is allowed to cool, about 9 parts will be deposited 
in octahedral crystals, leaving 2.5 parts dissolved in 100 of water 
(219 grs. in a pint). 

This gi’eat increase in the solubility of the arsenious oxide by long 
boiling with water is usually attributed to the conversion of the opaque 
or crystalline variety, which always composes the powder, into the 
vitreous modification, which is the more soluble in water (4 parts in 100 
of water). Water, heated with white arsenic in a sealed tube, may be 
made to dissolve its own weight of it ; as the solution cools, it first 
deposits prismatic crystals, and afterwards the ordinary octahedral form. 
The solution is very feebly acid to blue litmus-paper. Glycerin dissolves 
As^Og easily when heated. 

White arsenic dissolves abundantly in hot hydrochloric acid (a part of 
it being converted into arsenious chloride), and as the solution cools, 
part of the oxide is deposited in large octahedral crystals. The forma- 
tion of these crystals is attended by flashes of light, visible in a 
darkened room. 

This experiment, which is exceedingly beautiful, is best performed by boiling 
60 grams of arsenious oxide in 500 c.c. of a mixture of equal volumes of strong 
hydrochloric acid and water in a flask, and allowing it to cool slowly ; after 
a time the crystals begin to form, a flash of light accompanying the formation of 
each, and the effeet may be enhanced by carefully shaking the flask. It is said 
that it is only the vitreous form which exhibits this phenomenon ; but the same 
solution will generally serve for the above experiment any number of times if it 
be reheated, although the arsenious oxide has, of course, been deposited in 
the crystalline form ; it is, however, remarkable that the experiment sometimes 
unaccountably fails. 

Solutions of tbe alkalies readily dissolve arsenious oxide, forming 
alkali arsenites, tbe solutions of Avhich are capable of dissolving arsenious 
oxide more easily than Avater can, and deposit it in crystals on cooling (see 
above). On adding a small quantity of bydrocbloric acid to tbe solution 
of tbe alkaline arsenite, a white precipitate of arsenious oxide is formed. 

White arsenic has tbe property of preventing tbe putrefaction of skin 
and sirm'lnrr substances, and is occasionally employed for tbe preserA^ation 
of objects of natural history, &c. 

Arsenites . — ^Arsenious acid, properly so called, has not yet been obtained 
in tbe separate state. Tbe aqueous solution of white arsenic, Av'hen 
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ueutralisei raactV ammonia, yields, with silver nitrate, a yellow 
precipitate Irnvin Atte composition Ag , AsO^; with cupric sulphate, a 
green precipitate haWg composition Ou^^sO, ; with sine sulphate, 

S white pmcipitaA containing Z<(As 03 )i 1 “d -i ^emum 

sulphate, a white piAipitate of Mg"HAsO,. It would appear, therefore, 

that the orseaioae arf¥ fr"® “f* S**" 

acid having the formn’% H.Asa, or As(OH)., coi-responding with hone 
nrid FT "RO Avqpm’nfts acid does not destroy the alkaline reaction ot 
the’alkaHes;’andit doe/\.^«<^ decompose the alkaline carbonates unless 
heat is applied, proving ^o be a feeble acid. The ammonium arsenite 
is very unstable, evofviipS ammonia freely when exposed to the am 
When arsenious oxideX.is dissolved in a hot solution of anamonia, 
octahedral crystals deposited on cooling notwithstanding 

tlift nvpcsnnpp nV ammouia in large excess. The alkali arsenites are 
more correctlyi onetarsenites, for they are derived from HAsOj or 
AsO(OH) j potassium arsenite is KAsO,. 

When the gAi’^onates of potassium and sodium are fused with an ex- 
cess of arseniou r transparent glasses are obtained which 

are similar in glass of borax (K^As^^ and Na.Asp^). 

If an alkali 1*® contact with platinum, the latter 

is easily melted? with a small proportion of arsenic to form a 

fusible nlatinuiA a^i’senide, a portion of the arsenite being converted into 
arsenate alkali arsenates (from arsenic acid, HjAsO^) are so 

much more s^l*l® I'l^® ‘''■’■‘senites that the latter exhibit a great 
tendency to n/^®® former, with separation of arsenic. 

The arseirll®® potassium and sodium in solution are sometimes 
employed s’lis^p-dipping compositions; and an arsenical soap, com- 
posed of p'Otassium arsenite, soap, and camphor, is used by naturalists 
to preserV® 1^1^® animals. Sodium arsenite is also occasionally ■ 

employed pi’®''6nting incrustations in steam boilers, being prepared 
for that puV’P®®® 1*^ dissolving 2 molecules of white arsenic and i molecule 
of sodium c 

Schcek's ^ arsenite of copper (CuHAsO,) prepared by dissolv- 
ing white i ‘'i' solution of 

potassium decompos- 

ing the aP®”^^*^ potassium thus 

produced sulphate of 

copper ^“® ‘‘^^’senite of copper W[/uM^ W 

is prp-ipitated, Tliis poisonous iU,MJ I M 

coloud is ^^®®^ ^ impart a bright 

green paper hangings, and 

is some^®® to the health ' — 

of the occ^^”^® rooms thus de- 

corated, sincb^^® ®®PP®^* p. ~ — 

is often easily P^per, ^ '“• ~°7- 

and diQ’used throu^i’ Hi® form of a fine dust, a small portion 

of which is inhaled wl^ ®''®i'y ln’cath. 

The presence ol the arsenlj® copper in a sample of such paper is readily 
proved by soaking it in a ammonia, which will dissolve the arsenite of 
copper to a blue liquid, the presence of arsenic in which may he shomi bv 
acidifying it with a little pur e hydrochloric acid, and boiling with one or two 
strips of pure copper, which, "'ih become covered with a steel-grey coating of 
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arsenide of copper. On washing the copper, drying it on 
it in a small tube (fig. 207), the arsenic will be converted j^r-paper, and heating 
which will deposit in brilliant octahedral crystals on the (^nto arsenious oxide, 
It is obvious that, to avoid mistakes, the ammonia, hydro(^ool. P^'i’t of the. tube, 
should be examined in precisely the same way, without th»!Aoric acid, and copper 
to render it certain that the arsenic is not derived from tip suspected paper, so as 

The effectiye green colour of the arsenite of 
employment as a colour for feathers, muslin, &( 
jurious to the health of the workpeople. It has; 
or recklessly used for colouring twelfth-cake or]| 

Emerald-green is a combination of arsenitfl 
obtained by mixing hot solutions of equal weigi 
acetate of copper. Solution of potassium ars 
has long been used in medicine. 


per also leads to its 
where it is very in- 
even been ignorantly 
aments, &c. 
and acetate of copper 
■ts of white arsenic and 
wite {Foioler's solutioii) 


173. Arsenic add (H3ASO4 or AsO(OH)3). — This ac-., , • 1 

great importance in the chemical arts during the last fe^ acquire^ 
been employed to replace the expensive tartaric acid years, Jiaving 
printmg, and to lurnish, by its action upon aniline, the 
known as Alagenta. 

Arsenic acid is prepared by oxidising white arsenic wij 
of its weight of nitric acid of sp. gr. 1.35, when it dissolvj 
of much heat and abundant red fumes of nitrous anhyc 
ASjOg + 4HNO3 4- 4H„0 = aNoOj + 4H3AsO^, 


iised in calico- 
agnificent dye 

fth three-fourths 
!S with evolution 
iride — 


After cooling, the solution deposits very deliquesd 
crystals containing 2H3As0^.H30. When heated to li® „ 
melt, and the liquid deposits needle-like crystals of orm 
corresponding with orthophosphoric ; at 180° Oy 
H3O H^ASjO,, pyro-arsenic acid, corresponding vdth pyr6' 
at 206’ 0., ASjO, = H,0 + 2HASO3, metarsenic acid, cor 


prismatic 
0° 0., these 
^-arsenic add, 
2H3As04 = 
hosphoric ; 


with metaphosphoric ; but here the resemblance ceases, for 
2HAsOg = HgO + AsgOg, whereas IIPO3 may be vaporised with™ ^ ° ’’ 

position. When metarsenic and pyro-arsenic acids are 
water, they at once become ortho-arsenic acid. The meta -1 
arsenates are known only in the solid state. As^Oj is deco: 


red heat into As^Oj and oxygen. 


out decom- 
[iissolved in 
and pyro- 
posed at a 

Arsenic anhydride, As^Oj, has very much less attraction for^ , , . 

has the phosphoric anhydride with which it corresponds ; it 
slowly in air, and dissolves rather reluctantly in water. Neitlf® 
appear that its combinations with water differ from each othert®^.^®®®/^ 
phosphoric acids, in the salts to u'hich they give rise, arsenic a^|j^® 


mg tribasic salts only, like common phosphoric acid. The aisfi 


;enates 


correspond very closely with the orthophosphates, with which tbs” 
isomorphous {i.e., identical in crystalline form). Thus ^°^®^ 
arsenates of sodium are similar in composition to the tlx '^® ™^®® 
phosphates, the formulte being Na3AsO,.i2Aq; Na HAsCba<^®® ortho- 
2(NaHjAsO,).Aq. ' ,^^4-i2Aq; and 

The common arsenate of soda (]Sra2lIAs0^.7Aq)^st''' 
calico-printem as a substitute for the dung-batb^ori”^® l^'i'gsly used by 
since, like the common phosphate of soda, it poFar,°‘® formerly employed, 
properties required in that particular part 

factured by combining arsenious oxide wim* pi’ocess. It is manu- 
resuiting arsenite vdth sodium nitrate, frou soda,^ and heating the 
beco min g converted into sodium arsenate. It^ which it acquires oxj'gen, 
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Calcium arsenate, 2CaHAsO,,7H20, lias been found in crystalline 
crusts at Joachimstbal. Arsenio-siderite and xantho-siderite are calcium 

ferric arsenates. , -j 1 • 

Arsenic acid is a much more powerful acid than arsenious acid, being 
comparable, in this respect, with phosphoric acid. It is less stable than 
phosphoric acid, and acts as an oxidising agent. Sulphurous acid, which 
is without action on phosphoric, reduces arsenic acid to arsenious acid ; 
H3A60, + H,S 03 = H 3 As 03 + H„S0,. _ _ 

174. Arsenetted hydrogen, hydrogen arsenide, or arsine (AsHj — 78 
parts by weight = 2 vols. = ^ vol. As + 3 vols. H). — The only compoutid 
of arsenic and hydrogen the existence of which has 
been satisfactorily established is that which corre- 
sponds with ammonia and phosphine. It is prepared 
by the action of sulphuric acid diluted with three parts 
of water upon the zinc arsenide, obtained by heating 
equal weights of zinc and arsenic in an earthen re- 
tort ; ZnjASj + sH^SO^ = 2 AsHj + 3ZnSO^. The gas is 
so poisonous in its character that its preparation in the 
pure state is attended with danger. It has a sickly 
alliaceous odour, and may be liquefied at — 55° C. 
and solidified at - 113° C. It is inflammable, burning with a peculiar, 
livid flame, producing water and fumes of arsenious oxide ; 4 AsHj + Oj, = 
As^g + GHjO. The chief interest attaching to this gas depends upon 
the circumstance that its production allows of the detection of very 
minute quantities of arsenic in cases of poisoning. 

The application of this test, known as Harsh's test, is the safest method of 
preparing arsenetted hydrogen in order to study its properties, for it is obtained 
so largely diluted with free hydrogen that it 
ceases to be so vciy dangerous. Some fragments 
of granulated zinc are introduced into a half- 
pint bottle (fig. 20S), prowded with a funnel 
tube (A), and a narrow tube (B) bent at rieiht 
angles and drawn out to a jet at the extremity ; 
this tube should be made of German glass, so that 
it may not fuse easily. The bottle having been 
about one-third filled with water, a little diluted 
sulphuric acid is poured down the funnel-tube 
so as to cause a moderate evolution of hydrogen, 
and after about five minutes (to allow the escape 
of the air) the hydrogen is kindled at the jet. If 
a fewdrops of a solution obtained by boiling white 
arsenic with water be now poured down the fun- 
nel, ar.senetted hydrogen will be evolved together 
with the hydrogen ; As.O. + Zn,„ + i2H„S0, = 

4ASH3 -1- mZnSO, -1- 611 , 0 . 

The hydrogen flame will now acquire the livid 
hue above referred to, and a white smoke of 
As, 0 „ will rise from it. If a piece of glass or Fig. 210. 

porcelain be depressed upon the flame (fig. 209), 

it will acquire a brown coating of arsenic, just as carbon would be deposited 
from^ sm ordinary gas-flame. Arsenetted hydrogen is easily decomposed by heat 
(230 C.), so that if the glass tube through which it passes be heated with a 
spirit-lamp {fig. 210) a dark mirror of arsenic will be deposited a little in front 
of the heated part, and the flame of the gas will lose its Imd hue. These deposits 
of arsenic arc c.xtremcly thin, so that a very minute quantity of arsenic is required 
to forni them, thus rendering the test one of extraordinary delicacy. It must be 
rcnieiiibercd, however, that both sulphuric acid and zinc are liable to contain 
arsenic, so that erroneous results may be very easily arrived at by this test. 
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Arsenetted hydrogen, like sulphuretted hydrogen, causes dark precipitates in 
many metallic solutions. 

Silver nitrate is reduced to the metallic state by AsHj ; AsHj + 6 AgN 0 , + 3H„0 = 
HjAsOj+dHNOj+sAg,.' A piece of filter-paper, spotted over with silver nitrate 
solution, will have the spots blackened if held before the tube from which the 
gas issues. The simplest test for arsenic in wall-paper, &c., is to drop a piece 
of the paper into a glass containing some zinc and sulphuric acid, and to cover 
the mouth of the glass with a piece of paper wetted with silver nitrate, which 
will be blackened if arsenic be present. The purity of the materials should be 
tested first in the same way, and the absence of sulphur, which also blackens 
silver nitrate, should be proved by lead acetate, which is not blackened by arsenic. 

Hydrogen phospliide, hydrogen arsenide, and dmmonia constitute a 
group of hydrogen compounds having certain properties in common, 
which distinguish them from the compounds of hydrogen Avith other 
elements. 

Two volumes of each of these gases contain thi’ee volumes of hydrogen. 

They are all possessed of peculiar odours, that of ammonia being the 
most powerful and that of hydrogen arsenide the least. Ammonia is 
powerfully alkahne, phosphine exhibits some tendency to play an alka- 
line part, whilst arsine seems devoid of alkahne disposition. They are 
all inflammable, ammonia being the least so of the group, and are 
decomposed by heat, ammonia least easily, and hydrogen arsenide most 
easily. They are all producible from their corresponding oxygen com- 
pounds, viz., Nj03,P40g, and As^Og, by the action of nascent hydrogen 
\e.g., by contact with zinc and diluted sulphuric acid). 

Adi three are the prototypes of various organic bases which contain 
some compound radicle in place of the hydrogen, thus — 

NHj is the prototype of trietbylamine _ N(02H5)3 

PH., „ „ triethylphosphine PlCoH^), 

AsHj „ „ triethylarsine AslC^H^h 

175. Arsenic trichloride, or arsenious chloride . — Only one compound of chlorine 
with arsenic (AsCl,) is well known. * The trichloride may be formed by the direct 

union of its elements, but the simplest 
laboratory process for procuring it con- 
sists in heating white arsenic in dry 
chlorine gas, in a tubulated retort (A, 
fig. 21 1). The arsenious anhydride soon 
melts, and the trichloride distils over, 
leaving a melted mass in the flask, 
which forms a brilliantly transparent 
glass on cooling ; its composition varies 
somewhat with the temperature em- 
ployed, but appears to be essentially 
ASjOe.ASjOj. The same vitreous com- 
pound may be obtained by fusing arseni- 
ous and arsenic oxides together. The 
reaction maj”^ be represented by the 
Fig. 211. equation— 

1 1 As, 0 „ -r CL,= SAsClg + 6(ASj0„.As„ 05). 
.ib-senic trichloride bear^ a great general resemblance to phosphorus trichloride ; 
it is a heavy (sp. gr. 2.2, b.p. 130° C.), pungent, fuming liquid, decomposed by the 
moisture of the air, its vapours depositing a white coating upon the objects in 
its immediate neighbourhood. When poured into water it deposits arsenious 
oxide; 4AsClj-i-6H.p=As,0„-t-i2HCl; but when dissolved in the smallest possible 
quantity of water it deposits crystals of the formula AsOCl. H „0 or AsCl(0H)2. 

• It is said that the pentachloride can be formed by the action of hydrochloric acid gas 
on As-vOs in presence of ether 
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When -white arsenic is dissolved in hydrochloric acid, arsenious chloride is 
formed, AsA + i2HCl=4AsCl3+6Hp, and retoains nndecomposed by the -water 
in the presence of strong hydrochloric acid, but if water be added, arsenious oxide 
is precipitated. When the solution in hydrochloric acid is distilled, the arsenious 
' chloride distils over, and tliis is sometimes a convenient method of separating 
arsenic from articles of food, &o., in testing for that poison. When heated in 
dry hydrochloric acid gas, white ai-senic yields a glassy compound, which contains 
AsA- 2^0G1; 3AsA+4HCl=2(AsAfi-2As0Cl) + 2H„0. 

Arsenic trichloride and arsenic trihydride decompose each other, yielding 
hydrochloric acid and arsenic. ... ■. 

Arsenious bromide much resembles the chloride in its chemical characters, but 
is a solid crystalline substance, fusing at 20° C. and boiling at 220° C. 

176. Arsenic tri-iodide, or arsenious iodide (AsTg), is remarkable for not being 
decomposed by water, like the corresponding phosphorus compound. When 
obtained by heating arsenic and iodine together, it sublimes in brick-red flakes, 
-vvhioh, if prepared on a large scale, hang in long laminie, like sea-weed. It may 
be dissolved in boiling water, and crystallises out unchanged. It may even be 
prepared by heating 3 parts of arsenic with 10 of iodine and 100 of water, when 
the solution deposits red crystals of the hydrated tri-iodide, from which the water 
may be expelled by a gentle heat. 

Aslj is precipitated as a golden cr3^stalline powder on mixing a hot solution of 
As^Og in HGl with a strong solution of KI. 

Arsenic di-iodide, Asl„, is obtained by heating x part of arsenic and 2 parts of 
iodine in a sealed tube to 230° C., and crystallising from CS. in an atmosphere of 
CO.„ It forms red prismatic crystals which become black when treated with 
water, according to the equation 3AsI„=2AsIjd-As. 

When iodine is dissolved in a solution of arsenious acid, this is oxidised to 
arsenic acid; HjAsOj+HjO + I„=H3AsO^+ 2HI. When the solution is concentrated 
by evaporation, the change is reversed, and iodine liberated. 

The arsenic tri-fiuoride (AsEj) resembles the trichloride, but is much more 
volatile. It may be obtained by distilling 4 parts of arsenious oxide with 5 of 
fiunr spar aud 10 of strong sulphuric acid, in a leaden retort (seep. 198). It does 
not attack glass unless water be present, which decomposes it into arsenious and 
hydrofluoric acids. PCI5 converts it into PP5 and AsOlj. 

177. Sulphides of Arsenic. — There are three well-known sulphides of 
arsenic, having the composition As^S,, As^Sj, and As,Sj, the two former 
being found in nature. 

Realgar (As^SJ is a beautiful mineral, crystallised in orange-red 
prisms ; but the reel orinment used in the arts is generally prepared by 
heating a mixture of white arsenic and sulphur, when sulphurous acid 
gas escapes, and an orange-coloured mass of realgar is left. Another 
process for prepax’ing it consists in distilling arsenical pyrites with 
sulphur or with iron pyrites; FeSyl'eAs^-f- 2FeS„ = 4FeS-t- As^S^. 
The realgar distils over, and condenses to a red transparent solid. 
Realgar burns in air with a blue flame, yielding ai’senious and sul- 
phux'ous oxides. If it be thrown into melted saltpetre, it burns with a 
bi'illiant white flame, being converted into arsenate and sulphate of 
potassium. This brilliant flame renders realgar an important ingredient 
in Ridian Jire and similar compositions for fireworks and signal lights. 
A mixture of one part of red orpiment with 3.5 parts of sublimed 
sulphux’ and 14 parts of nitre is used for signal light composition. 

Ee^gar is not easily attacked by acids ; nitric acid, however, dissolves it, -with 
* « of heat, forming arsenic acid and sulphuric acid, with separation of part 
of the sulphur in the free state. Alkalies (KOH for example) partly dissolve 
It, i?3.^iDg a dark br o-wn substance, which appears to contain free arsenic ; 
3As.fe3— 2As„b3-hAs2. When exposed to air, realgar is partly oxidised and con- 
verted into a mixture of As^ and AsA- 

ielloio orpiment, or arsenious sulphide (As^Ss), is found native in 
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yellow prismatic crystals. The pigment known as King's yelloio is a 
mixture of arsenious sulphide and arsenious anhydride, prepared by sub- 
liming excess o^ sulphur with white arsenic ; + As^Og = 2 ASjSg + 3SO2. 

It is, of course, very poisonous. , 

This substance, like realgar, is not much affected by acids, excepting nitric acid ; 
but it dissolves^ entirely in potash, forming potassium arsenite and thioarsenitc; 
6KOH4- As„S3=:"K3AsS3 + K3As 03 + 3H20.* Ammonia also dissolves it easily, form- 
ing a colourless solution whicb is employed for dyeing yellow, since, if a piece oi 
stuff be dipped into it nnd exposed to air, the ammonia will volatilise, leaving the 
yellow orpiment behind. When As^Sj is boiled with a strong solution of sodium 
carbonate, H„S is evolved and As^S^ is deposited as a crystalline powder. 

The formation of the characteristic yellow sulphide is turned to account in 
testing for arsenic ; if n solution prepared by boiling white arsenic with distilled 
water be mixed with a solution of hydrosulphuric acid, a bright yellow liquid is 
produced, which looks opaque by reflected, but transparent by transmitted, light, 
and may be passed through a filter vdthout leaving any solid matter behind. 
This solution probably contains a soluble colloidal form of arsenious sulphide ; this 
is, however, rendered insoluble by evaporation. The addition of a little hydro- 
chloric acid, or of sal-ammoniac, and many other neutral salts, will also cause a 
separation of the sulphide from this solution ; even the addition of hard water 
will have that effect. If the solution of arsenious acid be acidified with hydro- 
chloric acid before adding the hydrosulphuric acid, the bright yellow sulphide is 
precipitated at once, and may be distinguished from any other similar precipitate 
by its ready solubility in solution of ammonium carbonate. 

Arsenic sulphide (As^Sj) possesses far less practical importance than the preced- 
ing sulphides ; it may be obtained by fusing AS3S3 with sulphur, when it forms 
an orange-coloured glass, easily fusible, and capable of being sublimed without 
change. When hydrosulphuric acid gas is passed slowly through solution of 
arsenic acid, very little, if any, arsenic sulphide is formed, a white precipitate of 
sulphur being first obtained, the hydrogen reducing the arsenic acid to arsenious 
acid; H3As04-l-H„S = II,As03 + H20-i-S ; and if the passage of the gas be con- 
tinued, the arsenious acid is decomposed, and arsenious sulphide is precipitated ; 
-these changes are mneh accelerated hy heat. 'Bat a rapid carrent ci Hod pas«^ 
through a solution of arsenic acid in presence of much free hydrochloric acid 
throws down pure arsenic sulphide. If a solution of sodium arsenate be saturated 
with HoS, it is converted into sodium thioar senate, NSjAsS^. On adding hydro- 
chloric' acid to this solution, a bright yellow precipitate of arsenic sulphide 
is obtained. Cuprous sidpharsenate, or Clarite (OujAsS^l, is found in the Black 
Forest. 

178. Kitrogen, Phosphorus, and Arsenic are connected together by the 
general analogy of their hydrogen and oxygen compounds, the Wo last 
members of the group being far more closely connected -with each other 
than with nitrogen. With the metals they are connected through 
arsenic, the hydrogen-compound of which is very similar in properties, 
and probably m composition, to antimonetted hydrogen; arsenious 
oxide (As^g) is also capable of occupying the place of antimonious 
oxide (Sb^Og) in certain .salts of that oxide; and the sulphides of 
antimony correspond in composition, and in some of their properties, 
with those of arsenic. One form of arsenious oxide (the prismatic) is 
isomorphous with native oxide of antimony, and this oxide may be 
obtained in octahedra, the ordinary form of arsenious oxide, so that 
these oxides are isodimorphous. 

These elements are also connected with the oxygen group through 
sulphiTr, selenium, and tellurium, the relations of which to hydrogen and 
the metals are somevfhat similax to those oi phosphorus and arsenic. 

" Since the metarsenite, KAsOj, is the only potassium arsenite which has been fre- 
pared, and the mctathioctrseiiitc, KAsSj, appears to exist in the solntion, the reaotioP 
better expressed by the equation, 2As2S3-P4K0H=KAs02+3KA6S;-P2H20. 
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Atoms akd MoiiECULBS. 

179. It is only after numerous facts have been observed, and accu- 
rately described, that it is possible to deduce such general principles as 
may enable future workers to conduct their experiments in such a 
manner that they may discover and arrange fresh facts with the smallest 
possible expenditure of energy and time. Thus, the generalisation, 
which receives the name of the Atomic Theory, and upon which the 
science of Chemistry is now constructed, was enunciated at the begin- 
ning of the present century only after the gravimetric and volumetric 
composition of a large number of compounds had been determined by 
both synthetical and analytical methods. 

The theory arose from the contemplation of the quantitative com- 
position of various compounds, when it was seen that chemical combina- 
tion does not occur between masses of matter in indefinite quantities, 
but is controlled by the following three laws : — 

(1) Law of Constant Po'oportions . — ^In every compound the masses of 
the constituent elements bear the same ratio to each other, from what- 
ever source the compound may be obtained. 

It is this law which determines how much of an element in a mixture 
will enter into combination. Eor example, when a mixture of zinc and 
sulphur is heated, complete combination will onlj>' occur when the ratio 
of the mass of zinc to that of sulphur is 65 ’5 : 32 ; if the mixture 
contain the elements in any other ratio, either zinc or sulphur will 
remain uncombined after the heating. 

(2) Law of Multiple Proportions . — When two elements combine to 
form more than one compound, the masses of the one element com- 
bining -with a constant mass of the other, must be simple multiples of 
the smallest mass among them. 

This is best illustrated by the case of the oxides of nitrogen, the study 
of which, among other cases, led Dalton, in 1 808, to formulate the law. 
In this series of oxides there are for 100 parts of nitrogen 57’i, 114’ 2, 
I7i‘3, 228’4, and 285'5 parts of oxygen respectively ; that is, the masses 
of oxygen combining with a constant mass of nitrogen are multiples 
of 57‘i» f'fis smallest of these masses, by 2, 3, 4 and 5 respectively. 

(3) Law of Reciprocal Pro23ortions . — ^When an element forms a com- 
pound mth each of several other elements, the masses of the several 
other elements which combine with a constant mass of the first element, 
are also the masses of these elements which combine with each other, 
or they bear some simple ratio to these masses. 

Thus, ivith 32 parts of sulphiu', there combine 2 parts of hydrogen, 
32 parts of oxygen, and 6 parts of carbon to form separate compounds; 
accordingly, the mass of oxygen occurring in any compound of this 
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element with carbon must be 32, or twice, tbrice, one-balf, or one- , 
fourth, &c., of 32, for eveiy 6 parts of carbon. Similarly, hydrogen ■ 
and oxygen must combine in the ratio of 2 : 32 (as in H^Oj) or of these 
ntimbers multiplied or divided by some simple integer (as in H^O). 

In order to account for the existence of these laws, Dalton revived 
the atomic theory. The fundamental conception on which this theory 
is based has been stated in the Introduction ; the new significance with 
which Dalton invested it was, that each of the indivisible 
(atoms) of -which a hind of matter is composed has an invariahh weight, 
and that this toeight is the same for each atom of the' same hind of 
matter. Furthermore, when combination of one kind of matter wdth 
another occurs, the union takes place between the atoms of these kinds 
of matter, and consists in the addition of one or more atoms of the first 
kind to one or more atoms of the second kind. If these postulates 
be granted, it at once becomes apparent why a compound always con- 
tains its elements in the same gravimetric ratio ; water, for instance, is 
always composed of oxygen and hydrogen in the ratio of 8 : i by weight ; 
and this, according to Dalton, is due to the fact that water is a compoimd 
of one atom of oxygen with one atom of hydrogen, the atom of oxygen 
weighing 8 times as much as the atom of hydrogen. The atom of water 
should therefore be represented as HO. The considerations which led to 
the adoption of HjO for the formula of water will be dealt with presently. 

Again, the law of multiple proportions follows of necessity from 
Dalton’s hypothesis. For if a compound of x atoms of one element 
with y atoms of another element exist, a new compound can only 
be formed by adding another atom or by taking one away; and ' 
since each atom of the same element weighs the same, the addition 
or subtraction of each atom must cause the same variation in the pro- 
portional composition. Thus, if there be a compound of one atom of 
nitrogen with one atom of oxygen, and the ratio between the weights of 
these atoms be 7 : 8, it is only possible to produce another compound of , 
these two elements by adding one or more atoms of niti’ogen, each 
weighing 7, or one or more atoms of oxygen, each weighing 8 ; so that 
any other oxide of nitrogen must contain the elements in the ratio 
7 X w : 8 X m by weight, n and m being integers. 

The third law of chemical combination is equally explicable, for the 
ratio by weight in which two elements combine is either the ratio between 
the weights of their atoms, or that between some multiples of these. Hence 
the ratio between the weights of two elements in a compound must be 
I’epresented by the same numbers as those representing the weights of 
these elements in their compounds with any other elements, or by some 
simple multiple or submultiple of these weights. If the compound of 
carbon with sulphur which contains these elements in the proportion of 
12 : 64 parts by weight, contain only one atom of sulphur and one atom 
of carbon, then any compound of sulphur with another element, itself 
capable of combining with carbon in the proportion of x : 12, must 
contain the sulphur and the other element in the proportion of 64 : x 
or 64 X 91 : X, where n is an integer ; if, on the other hand, the com- 
pound of carbon with sulphur contain 2 or 4 atoms of sulphur, other 
compounds of this element may contain it in the proportion of. 32 or 
1 6 parts by weight. 

Dalton endeavoured to constract a table of atomic weights — that is, a 
table of the relative w^eights of the atoms — by determining how many 
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parts by weight of each element combine with one part by weight of 
hydrogen, the atomic weight of which was taken as unity. Since, at the 
present time, the chemical equivalent ,of an element is defined as the 
numher of parts hj tveight of the element which will combine xoith, or 
displace, one part by weight of hydrogen, it will be seen that Dalton’s 
' atomic weights were identical with the numbers which are now called 
chemical equivalents. This arose from the fact that Dalton had not 
seen the necessity for postulating the existence of a second kind of 
ultimate particle, as, indeed, is evident from the fact that he referred 
to the atoms of compounds, notwithstanding the paradox involved in 
the expression (p. 7). The necessity, from a chemical point of view, 
of including the molecule (p. 7) in the conception of the structure 
of matter, may be .said to have arisen from the discovery by Gay- 
Lussac (1809) of the laws which control the combination of gases by 
volume. These need not here be stated, for they are virtually identical 
with those which control the combination of elements by weight, if 
ratio of volumes he read for ratio of masses. 

The difficulty experienced when an explanation of the combination of 
gases is attempted without the hypothesis of the existence of molecules 
is easily appreciated from the contemplation of the combination of 
hydrogen with clilorine. Equal volumes of these gases combine, and 
the product occupies tudee the volume of either of its constituents : one 
volume of H combines with one volume of Cl to form two volumes of 
HCl. According to Dalton’s theoiy, one atom of hydrogen combines 
with one atom of chlorine to form one “ atom ” of hydrogen chloride. If 
this be the case, equal volumes of hydrogen and chlorine must contain 
the same number of atoms, for it is found that equal volumes of these 
gases will combine exactly, — ^that is, no residue of either gas will be 
left. This reasoning applies to the combination of several other gases, 
whence Gay-Lussac attempted to deduce the generalisation that equal 
volumes of all gases contain the same number of atoms. But if this be 
the case, the two volumes of HOI, produced by the combination of one 
volume of H with one volume of Cl, must contain twice as many atoms 
as the one volume of chlorine or of hydrogen contains ; therefore one 
atom of Cl combines with one atom of H to form two atoms of HCI, and 
consequently one atom of HCl must contain half an atom of Cl, which 
is impossible, an atom being indivisible, Gay-Lussac’s generalisation, 
however, corrected some of Dalton’s atomic weights to the present 
values ; that of oxygen mil serve as an example. Two volumes of H 
combine with one volume of 0 to form water; but equal volumes of 
gases contain the same number of atoms, therefore 2 atoms of H com- 
bine with one atom of 0 ; the ratio by weight of H to 0 in water is, 
however, i : 8, so that 2 atoms of H weighing i combine with i atom 
of 0 weighing 8 ; but, as already defined, i atom of hydrogen is to 
weigh I, therefore water contains 2 atoms of hydrogen weighing 2, com- 
bined with one atom of oxygen weighing 16, and its formula is HjO. 

Ayogadro (1811) conceived the existence of two kinds of ultimate 
particles. Starting with the conception that gases are composed of 
ultimate particles, which he preferred to call molecules, he attempted to 
explain the combination of gases by volume, but encountered the diffi- 
culty experienced by Gay-Lussac. To overcome this difficulty he had 
recourse to the supposition that the molecules of the gases are shattered 
before combination occui-s, and that the parts of the molecules then re- 
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combine to form tbe molecules of tbe new gas. The particles produced 
by tbe scission of tbe molecules were tbe true indivisibles, or Dalton’s 
atoms. Thus, Avogadro was able to support the generalisation now 
known as Avogadrds Law, namely, that equal volumes of gases at the 
same temperature and presstire contain the same number of molecules. 
The combination of hydrogen with chlorine is now easily explaiued ; 
one volume of hj^drogen contains the same number of molecules as is 
contained in one volume of chlorine ; when these volumes combine, the 
molecules are shattered and their component atoms recombine to form 
molecules of hydrogen chloride ; one molecule of chlorine thus reacts 
with one molecule of hydrogen to form two molecules of hydrogen 
chloride, which (according to Avogadro’s law) must therefore occupy 
twice the volume occupied by either the chlorine or the hydrogen. 

The definitions of an atom and of a molecule have been given on 
p. 7. The hypothesis that the molecules of most gaseous elements 
consist of two atoms may be supported as follows : Hydrogen chloride 
contains half its volume of hydrogen, and therefore half as much 
hydrogen as is contained in an equal volume of hydrogen ; but equal 
volumes of hydrogen chloride and hydrogen contain the same number 
of molecules (Avogadro’s law), therefore one molecule of hydrogen 
chloride contains half as much hydrogen as one molecule of hydrogen 
contains. Now one molecule of hydrogen chloride is supposed to con- 
sist of one atom of hydrogen combined with one atom of chlorine, 
therefore one molecule of hydrogen must be supposed to consist of one 
atom of hydrogen combined "with one atom of hydrogen. The same 
reasoning will apply to the molecule of chlorine. 

Molecular Weights. — If Avogadro’s law be true, it follows that the 
relative weights of equal volumes of gases must also be the relative 
weights of the molecules composing those gases (see p. 44).* Conse- 
quently the molecular weight of an element or a compound is determined 
by the number of times that a volume of it, in the form of gas, or 
vapour, is heavier than an equal volume of the gas whose molecular 
weight is to serve as a standard. This value is known as the vapour 
density of the element or compound. As already stated, hydrogen is 
chosen as the standard for molecular weights, and since one molecule 
of hydrogen probably contains two atoms, the molecular weight of this 
element is called 2 ; so that the molecular weight (M) of an element or 
compound is twice its vapour density (D), when H = i ; or M = 2D. 

The method for the determination of the vapour density of a sub- 
stance has been already indicated (p. 8). 

The determination of the vapour density of a substance which is gaseous at 
the ordinary temperature, merely consists in ascertaining the weight of a known 
volume of the gas and dividing this weight by that of the same volume of 
hydrogen at the same temperature and pressure, calculated on the basis of the 
determined weight of i litre of hydrogen at 0° C. and 760 mm. (0.0896 gram). 
In the actual process, the capacity (about 500 c.c.) of a globe (closed by a stop- 
cock) is determined by weighing the globe, first empty, and then full of water ; the 
weight of the water which it can contain, and, therefore, its volume (i c.c. of 
water weighs i gram at 4° 0 .) is thus ascertained. The dried globe may then be 
filled with the purified gas, the temperature and pressure being noted at the 
moment when the stopcock is closed, and again weighed. Let the weight of the 
empty globe be lo grams, and that of the globe full of water at 4° C. be W grams ; 
then the capacity (V) of the globe is W -to c.c. Let W, be the weight of the 

* It will be remembered that in all cases of comparison of weights or volumes of gases 
those must be at tbe same temperature and pressure. ' 
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<.lobefilled with CO. at 15° C. and 770 mm. bar. Then W, - gramsis the weight 
of V c c of CO at is° and 770 mm. bar. Since the volume of a gas vanes in- 
versely as it^s pressure, and directly with its absolute ' temperature (degrees 

C + 273), V C.C. of hydrogen at 15° C. and 770 mm. bar. will be V x ^ c.c. 

at 0° C. and 760 mm., and will weigh V x 7 7 ^ x x 0-0000896 = A grams. 

Thus = vapour density of CO „ and ^ is the molecnlar weight 

A "A 


of CO., 


the 


When the substance has to be heated to convert it into a gas 
same method may be adopted, the solid or liquid substance bei^ introduced 
into the globe, which is then heated in a bath of liquid at a sufficiently high 
temperature to entirely volatilise the sub- 
stance ; the vapour, in escaping from the globe, 
expels the air, and when no more vapour 
issues from the narrow orifice of the neck 
(which is substituted for the stopcock), a 
blowpipe flame is applied to seal this orifice, 
the temperature of the bath and the pressure 
of the atmosphere being noted at the moment 
of sealing. The calculations involved are the 
same as those stated above. For substances 
which volatilise at temperatures above that 
at which glass becomes soft, globes made of 
porcelain must be employed ; these are sealed 
by theoxyhydrogen blowpipe. When modified 
in this way for solids and liquid, the method 
is known as Dumas' method. 

The foregoing method for determining 
vapour densities consists in weighing a known 
volume of Vapour. The value can be equally 
well, and somewhat more easily, ascertained 
by measuring the volume occupied by a known 
weight of vapour, an oneration which is most 
easily effected by the Victor Meyer method. In 
this, a weighed quantity of the substance is 
converted into vapour in a vessel containing 
air (or some other gas), and the volume of air 
displaced by the vapour is collected and 
measured. 

Take, for example, the determination of 
the vapour density of alcohol, which boils at 

78.3° c. 

The vapourising tube (6, fig. 212), well 
closed by a cork, is heated in the cylinder 
of boiling water (a) so long as any bubbles of 
air pass from the opening of the delivery- 
tube (d) through the water in the trough. 

The end of the delivery-tube is then inserted 
into the graduated tube /, which is full of 
water. About o. i gram of alcohol is weighed 
out into a small tube, which is dropped into the opening of the vapourising-tube, 
this bemg then quickly corked. A little asbestos is placed at the bottom of the 
vapourising-tube (c) to prevent breakage. 

_ The alcohol vapour expels a volume of air equal to its own, and thisis collected 
in the tube / , and a(murately measured, with the usual corrections for tempera- 
ture and pressure. The volume^ of a known weight of alcohol in the form of 
vapour hanng been thus ascertained, the vapour density may be calculated. 

expelled a volume of air which measured 
4S.5 c.c. n hen corrected to o C, and 760 mm. bar. Hence, supposing that alcohol 

temperature and pressure, 48.5 c.c. of 

alcohol vapour would weigh o. I gram. ■ ^ .3 v.../. ux 



Fig. 212. — Victor Meyer’s apparatus. 
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Now, 48.5 c.c. of hydrogen at 0° C. and 760 mm. weigh 0.00434 gram, so that 

the vapour density of alcohol is — — = 23, and its molecular weiaht is 

0.00434 

23x2=46. 

For substances which can only be volatilised at very high temperatures, porce- 
lain must be substituted for glass, and a liquid of high boiling point must be used 
in the bath surrounding the vapourising tube. 

It will be obvious that the molecular weight of a compound which is 
not capable of being vapourised without decomposition, cannot be ascer- 
tained from the vapour density. There are, however, other standards 
from which the molecular weight of a compound may be ascertained ; 
these will receive notice in the section on molecular structure. 

Atomic Weights. — It has been seen that there is a certain amount of 
evidence to show that the molecules of hydrogen and of some other 
elementary gases contain two atoms. If this were universally true the 
atomic weight of an element would be half its molecular weight as 
determined by its vapour density. So far from this being the case, 
however, there is evidence (to be referred to hereafter) that many 
elementary molecules consist of more than two atoms, and some of only 
one atom. Moreover, many elements cannot be vapourised at suffi- 
ciently low a temperature to allow of a vapour density determination. 

The only accurate method for determining the atomic weight of an 
element consists in ascertaining, by quantitative analysis or synthesis, 
the chemical equivalent of the element and deciding whether this is 
identical with the atomic weight or must be multiplied by 2, 3, or 4 ; 
this decision is arrived at by one of the three methods given below. 
The chemical equivalent of an element is the number of parts by weight 
of it which combine with one part by weight of hydrogen, or with 8 parts 
by weight of oxygen, or with 35.5 parts by weight of chlorine (since 
these are the parts by weight of oxygen and chlorine which combine 
with one part by weight of hydrogen). As every element forms a com- 
pound with one or other of these three elements, a determination of the 
chemical equivalent can nearly always be made. 

The three methods which serve to determine the relation between 
the chemical equivalent and the atomic weight are as follows : 

(i) Since 2 is fixed as the molecular weight of hydrogen, and one 
gram of this gas occupies 11.16 litres, then the molecular weight of 
hydrogen, expressed in grams, occupies 22.32 litres (at 0° 0. and 760 mm. 
bar.); moreover, since the molecular weight of every other gas is twice 
the number of times that the gas is heavier than hydrogen, bulk for 
bulk, one gram-molecule^' of every other gas must occupy 22.32 litres. 
But one molecule of any compound cannot contain a smaller number of 
atoms of any of its constituent elements than one, although it may of 
course contain more. It follows that one gram-molecule of a compound 
cannot contain a smaller quantity than one gram-atom t of any of its 
elements. Hence 22.32 litres (at 0 . and 760 mm. bar.) of any com- 
pound gas must contain at least one gram-atom of each of its elements ; 
so that the atomic weight of an element cannot he larger than the smallest 
tinmher of grams of the element which can he found in 22.32 litres (at 0° 0. 
and 760 mm. bar.) of any of its gaseous compounds. Thus, among the 
many volatile compounds of carbon none has yet been discovered which 
contains in 22.32 litres (at 0° C. and 760 mm. bar.) a smaller weight of 
* Molecular weight expressed in grams. f Atomic weight expressed in grams. 
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carbon than 12 grains. The atomic weight of carbon cannot, therefore, 
be ]ar«^er than 12, although the discovery at any future date of volatile 
compounds of this element containing 6 grams of carbon in 22.32 litres, 
would necessitate the adoption of 6 for the atomic weight of carbon. 
Since the majority of the elements furnish one or more volatile com- 
pounds, this method of ascertaining the relation between the equivalent 
and the atomic weight is widely applicable, 

■ (2) It was observed by Dulong and Petit (1819), from the study of 
elements of known atomic weight, that the quantity of heat necessary to 
raise the tempemture of one atomic weight of any solid element is approxi- 
mately the same, or, more generally, “ the atoms of all the simple bodies 
have exactly the same capacity for heat.” 

It will be remembered that the specific heat of a substance is the 
quantity of heat required to raise its temperature through 1° as com- 
pared with the quantity of heat required to raise the temperature of an 
equal weight of water through 1° ; or, more concisely, the quantity of 
heat required to raise one part by weight of the substance 1° (referred 
to water as the unit). Thus, the specific heats of potassium, sodium, 
and lithium ai’e, respectively, 0.1696, 0.2934 and 0.9408 ; these numbers 
I’epresenting the relative quantities of heat required to raise one part 
by weight of each of these elements through 1° in temperature, suppos- 
ing that an equal weight of water would be raised through 1° by a 
quantity of heat expressed by one. No simple relation can be traced 
between these numbers, but if the quantities of heat be calculated which 
are required to raise atomic weights of these elements through 1°, the 
case will be difierent. 

If 0.1696 be the quantity of heat required to raise the temperature 
of one part by weight of potassium through 1°, 0.1696 x 39, or 6.61 will 
represent the quantity of heat required to raise the temperature of 39 
parts by weight (one atomic weight) of potassium through 1°. In the 
same way 0.2934 x 23,- or 6,75, is the quantity of heat required to raise 
the temperature of one atomic weight of sodium through 1° ; and 
0.9408 X 7 or 6.59 is the quantity required to raise one atomic weight 
of lithium through 1°, Allowing for experimental error in the deter- 
mination of the specific heats, these numbers, 6.61, 6.75, and 6.59, may 
be reprded as representing the same quantity of heat, and they are the 
atomic heats of these elements. 


The atomic heat of an element is the quantity of heat required to 
raise the temperature of the number of unit weights of the solid 
element_ expressed by the atomic weight, through 1° ; it is ascertained 
by multiplying the specific heat by the atomic weight and is approxi- 
mately a constant, 6.4. 


It is obvious that, since specific heat x atomic weight = 6.4, the atomic 
weight = that from this equation an approximate value 

for the atomic weight of an element can be ascertained, if the specific 
heat of the solid element is knoivn. 


When efEorts to determine the specific heat of an element have failed it is 

® ^ atomic heat bv a consideraS^ S 

the molemlar heat of compounds containing the element. The molecular heat of 
a compound is the_ (^antity of heat required to raise the temperature of the 
number of unit weights of the compound expressed by the molecular weight, 

S 
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through 1°, It is supposed that the molecular heat of a compound is the sum of 
the atomic heats of each of the atoms which the molecule contains — a generali- 
sation which is not fully substantiated. 

Thus, the specific heat of solid chlorine is not known, but if the specific heats 
of the chlorides of potassium, sodium, and rubidium be multiplied by the mole-* 
cular weights of these chlorides, the product in each case will approach very 
nearly to the number 12.69. If these chlorides be allowed to contain one atom 
of each of their constituents, then, by subtracting the mean atomic heat (6.65) of 
the three metals from the mean molecular heat (12.69) of the three chlorides, a 
value (6.04) for the atomic heat of solid chlorine will, according to the above 
generalisation, he obtained. 

The specific heat of barium has not been determined so that its atomic weight 
has not been ascertained directly by this method ; but the specific heat of barium 
chloride is 0.09. Barium chloride contains 68.5 parts of barium for every 35.5 
parts of chlorine ; if 68.5 be the atomic weight of barium, the formula for the 
chloride will be BaCl, and its molecular heat 0.09 x 104 = 9.36 ; this only allows 
an atomic heat of 3.36 for barium, because that of chlorine is 6.0. If the atomic 
weight of barium be 137 the formula for the chloride will be BaCl„, and the mole- 
cular heat will be 208x0 09 = 18.72 ; this will allow an atomic heat of 6.72 for 
barium, for two atomic heats of chlorine must be subtracted from 18.72. As 6.72 
is more nearly normal for the atomic heat than is 3.16, the atomic weight of 
barium may be taken as 137. 

The specific heat of all substances varies with the temperature ; this is parti- 
cularly noticeable in the case of carbon, boron, silicon, and a few other elements. 
At low temperatures the specific heats, and therefore the atomic heats, of 0 , B, 
and Si are very low, but at higher temperatures they increase until the atomic 
heats are about 5.5. Thus, the specific heat of diamond at 10° C. is o. 112, corre- 
sponding with the atomic heat 1.34, whilst at 985° C. the specific heat is’o.4S8, 
corresponding with the atomic heat 5.5. 

All elements whose atomic weight is above 30, obey Dulong and Petit’s law. 

(3) The general chemical analogies of the element with some other 
element, of known atomic weight, are taken into consideration in deter- 
mining by what factor the chemical equivalent must be multiplied, in 
order to ascertain the atomic weight. These points will be more fully 
dealt with when the Periodic Law is considered, but it may be said that 
in this respect the isomorphism of the compounds of the element with 
those of other elements of known atomic weight is most important. 
The principle of isomorphism, originally stated by Mitscherlich (1821), 
is that certain elements are ahle to replace each other in their crystal- 
line compounds without alteration of the form of the crystals. Such 
elements are said to be isomorphous with each other, and the crystal- 
line compounds, in which the replacement occurs, are said to be iso- 
morphous compounds. Thus, aluminium, chromium, and iron are 
isomorphous elements because they all form alums of the type 
KII'"(S0J,.I2H„0 (where R'" is Fe, Al, or Cr), which crystallise in 
octahedra, and are capable of forming mixed crystals, the most im- 
portant criterion of isomorphism. For example, when a mixture of 
solutions of aluminium alum and chromium alum is allowed to 
crystallise, the crystals will contain both aluminium and chromium in 
proportion varying with the conditions of crystallisation. Supposing 
that the atomic weight of chromium were unknown it could be 
deduced from this isomorphism with aluminium. For it is known 
that aluminium has an atomic weight which is three times its chemical 
equivalent, therefore it is probable that chromium also has an atomic 
weight which is thrice its equivalent. 

It must be understood that none of the three methods which have 
just been considered is capable in itself of yielding a sufficiently accurate 
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number for tbe atomic weight of an element, which must, therefore, be 
primarily determined from the chemical equivalent of the element. 

As an example of the application of these methods, the following experiments 
may be supposed to have been performed with a view of ascertaining the 
atomic weight of cadmium : 

(1) 0.7232 gram of cadmium bromide was dissolved in water, and the bromine 
was exactlyprecipitated byadding a solution of silver nitrate (with the precautions 
necessary to an accurate result). This solution was made by dissolving 10 grams 
of pure silver in i litre of dilute nitric acid, and 57-43 c-c. were required for the pre- 
cipitation. Hence 0.5743 gram of silver will combine with the bromine in 0.7232 
gram of cadmium bromide ; but from the careful synthesis of silver bromide, it is 
known that this weight of silver ivill combine with 0.4254 gram of Br ; therefore 
the -0.7232 gram of cadmium bromide contains 0.2978 gram of Cd combined with 

. o 0.2078x80 , ... 

0,4254 gram of Br. Since the equivalent of bromine is 80, — = 5 ® 

be the equivalent of cadmium— that is the number of parts by weight of 
Cd which will combine with one equivalent of Br. The atomic weight of cadmium 
must, therefore, be 56 x a, where a is a small integer. 

(2) The vapour density of cadmium bromide was found to be 136, therefore 
22. 32 litres of it will weigh 272 grams ; but, according to the above analysis, this 
number of grams will contain 112 grams of Cd and 160 grams of Br, for these 
elements are present in the ratio 56 : 80. It follows that the atomic weight of 
cadmium cannot be greater than 1 12, or n cannot be greater than 2, 

(3) A piece of cadmium weighing too grams was heated in boiling water until 
it had attained the temperature of the water (roo° C.) ; it was then transferred to 
a calorimeter containing 100 grams of water at 0° C. The temperature of this 
water (allowing for the heat left in the calorimeter) rose to 5.3'’ C. Therefore the 
loo grams of cadmium, in cooling from 100° to 5.3°, have lost 100x5.3 = 530 
gram-units of heat,* so that in cooling through 1° 0. the loo grams would lose 

—^=5.6 units, or i gram would lose 0.056 unit — that is, the specific heat of 

cadmium is 0.056. But the specific heat x atomic weight will probably = 6.4, 

so that the atomic weight of cadmium should be^-~g=ii3 (nearly).* This is 

approximately 56 x 2, therefore n is probably 2. 

(4) Many cadmium salts are found to crystallise together with zinc salts, being 
isomorphous with them ; but zinc is divalent, therefore cadmium Is probably also 
divalent, in which case its atomic weight must be twice its equivalent, or 112. 

With regard to the standard for the atomic weights, it may be said that many 
chemists prefer to arbitrarily fix 16 as the atomic weight of oxygen, rather than 
to adhere to Dalton’s standard — viz., H=i. The reason for this is that the 
equivalents of the elements are far more frequently determined from oxygen- 
compounds than from hydrogen- compounds, because the former are both more 
numerous and better capable of exact analysis. The uncertainty which exists as 
to the exact ratio between the atomic weights of H and 0 renders it doubtful 
whether, when H = i, O should be 15.82 or 15 96; a corresponding uncertainty, 
therefore, exists as to all equivalents determined from oxygen-compounds 
when H is taken as the standard. 

GJassificaiion of the Elements — The Eeriodie Law. — It bas been 
already shown that the elements may be classified into groups which 
contain individuals po.ssessed of similar chemical properties Hewlands, 
in 1^64, pointed out that when the elements are arranged in the order 
of their atomic weights, this similarity is seen to exist between every 
eighth element, the first being similar to the eighth, the second to the 
ninth, and so on {laio of octaves). In 1869 Mendeleeff and Lothar 
Meyer made a similar discovery. 

In seeking for a basis for a classification of the elements, it is 
natural that the chemist should turn to the most strictly chemical 

rise fAempIraturr alteration in the specific beat of water with 
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property of the eleraents, namely their tendency to combine with 
each other. Mendeleeff has pointed out that the limit to this tendency 
is expressed by saying that one equivalent of ' an element never Com- 
bines with more than eight equivalents of another element. If oxygen 
and hydrogen be taken as typical elements, it will be noticed that there 
are never more than four atoms of oxygen or four atoms of hydrogen 
united to one atom of an element. Furthermore, the sum of the 
equivalents of O and H, which can combine with one atom of an 
element is eight. Thus, if an element R forms as its highest salt- 
forming oxide* a compound of the type HO,, it will form a hydride 
; if an oxide, ROg, a hydride, RHg, and so on. For example, R 
forms RjOg as its maximum oxide — ^that is, a compound of five equiva- 
lents of oxygen with one atom of nitrogen — and its maximum hydride 
is RHj; S forms SO3 (6 equivalents of oxygen), and SH^. Cl forms 
cm, so that its highest salt-forming oxide should be (7 equivalents 
of O to I atom of Cl), which, however, is only known in such com- 
pounds as K20'Cl20, = 2KC10^. 

It follows that there are eight types of higher salt-forming oxides, 
viz. : RgO, RjOg, RjOg, 11204? II2O5, RjOg, R^Oj, and RgOg. 

Those elements which form higher salt-forming oxides of the same- 
type are alone analogous. If this proposition be admitted, the ele- 
ments must be classified in eight groups. Such a classification reveals 
the fact that when the elements are arranged in the order of their 
atomic weights, they follow the same order as that of their higher 
oxides, so that the valency of the elements towards oxygen returns to 
the same value at every eighth element, that is, p&)'iodically. This 
return is noticeable in the case of all other properties of the elements- 
which have been accurately examined, that is to say, the properties of the 
elements are periodic functions of their atomic loeights. In general terms, 
if the elements he arranged in the order of their atomic weights, the proper- 
ties of consecutive elements will he found to differ, hut the properties 
will return to approximately the same value at definite p)S,riods. 

Such an arrangement of the elements is shown in the appended table : 


Group . . 

i. 

ii. 

iii. 


V. 

vi. 

vii. 

viii. 

Series i . 

■ H 



. 


__ 

_ 

_ 


„ 2 . 

Li • 

Be • 

B • 

c • 

N • 

0 • 

F . 


.• 3 ■ 

• Na 

• Mg 

• A1 

• Si 

• P 

• s 

• 01 


4 ■ 

K ■ 

Ca • 

Sc • 

Ti • 

V • 

Or • 

Mn • 

Fe : Co.Ni.Cu 

.. s • 

■fOu) 

• Zn 

' Ga 

• Ge 

• As 

• Se 

• Br 


„ 6 . 

Rb • 

Sr ■ 

Y • 

Zr • 

Nb • 

Mo • 

. 

Ru : Rh.Pd.Ag 

.. 7 • 

•(Ag) 

• Cd 

• In 

• Sn 

• Sb 

• Te 

• I 

„ 8 . 

Os • 

Ba • 

La • 

Ce • 

Di ■ 

— • 

— • 

— — — — 

•> 9 • 

„ 10 . 

, 

, 

Yb • 

■ - , 

Ta • 

W • 


Os ; Ir.Pfc.Au 

„ II . 

•(Au) 

• Hg 

. 

• Pb 

• Bi 

. 

. 


„ 12 . 

. 

. 


Th • 

• 

u • 

. 


Higher ox- 
ide type 

R,0 

E,0, 

R.O, 

EoOj 

(EO.J 

EHj 

RgO, 

R.O, 


R.o, 

(EO 4 ) 

Hydrides . 


(RO) 


RH 3 

(RO.) 

EH„ 



* Capable of beha-ring as an anhydride or as a base. 
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In drawing np this table two main difficulties occurred. In the first 
place, Co, being next to Ee in atomic weight, should have been y^^-^^ten 
in group i; but neither this metal nor Ni shows any analogy with the 
•elements in group i. Ou, on the other hand, shows some analogy 
with the elements of both group viii and group i, consequently its true 
position is somewhat doubtful. Thus Co and Ni have to retain in 
group viii, an arrangement also necessary in the case of Rh, Pd, Ir, 

and Pt. . 

In the second place, the element Ru, which is next m atomic weight 
to Mo, should come in group vii, but its position there is untenable, 
because its higher oxide is of the type RO^ and not RgOj. Consequently, 
Ru must be placed in group viii, whilst the position in group vii re- 
mains vacant. Again, the average difference between the atomic weights 
•of consecutive elements in the horizontal rows is about 2.5, but the 
■difference between the atomic weights of Ce and Yb is about 33, thus 
leaving vacant 13 or 14 positions in the table ; these are increased to 
1 5 by the fact that Yb undoubtedly forms a higher oxide YbgOj and 
■cannot, therefore, occur in group ii. Thus, the whole of the ninth row 
remains vacant. It may be said at once that where such blanks occur 
elements are believed to exist, but to be as yet unknown. Credence is 
afforded to this view by the fact that the number of such blanks was 
larger when the table was first drawn up, some of these spaces having 
been since filled by the discovery of elements (such as Ga, Ge, and Sc), 
the atomic weights of which showed that they were the missing 
elements. 

It ^vill be found that elements in the same group, and in even series, 
are completely similar to each other, as, for example, Ca, Sr, and Ba ; 
this is also the case with the elements in the same group and in odd 
series, such as P, As, and Sb. The members of the odd series, howevei’, 
do not so closely resemble those of the even series, though in the same 
group. Thus, Oa and Zn have far fewer properties in common than have 
Oa and Sr. It seems, then, that the periodic return of properties to 
the same value only occurs after two series have been traversed, so that 
each period of the table is constituted by two series; thus, K, Rb, 
and Cs resemble each other veiy closely. It will be seen that since 
this is the case each group must consist of two sub-groups, indicated 
in the table by the setting of the symbols in two vertical lines in 
each gi'oup. 

The members of these sub-gi'oups or families resemble each other 
more closely than do the members of a group taken as a whole. Whilst 
this is true of the elements which follow Ra, it is not true up to this 
point ; thus. Be is more nearly allied to Mg than to Ca ; B to A1 than to 
Sc ; and C to Si than to Ti. These elements, therefore, do not appear 
to be in their right places, a difficulty which is met by supposing that 
these elements and those from Ra to Cl (inclusive) constitute two short 
periods ; these elements have been tei'med the typical elements of the 
table. 

It is only possible bere to call attention to a very few of the properties of the 
elements which return periodically to about the same value. The elements of 
the saine family form oxides which, when bases, are of the same order of basicity 
oxides, of the same order of acidity; this is well illustrated by 
Iv, Rb, Cs ; Ca, Sr, Ba ; F, As, Sb. 
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The specific gravities (mass of unit volume) of the elements exhibit a periodi- 
city. Instead of comparing specific gravities it is better to compare atomic volumes 
(or number of unit volumes in the atomic weight). The atomic volume of an 
element is the quotient of its atomic weight divided by its specific gravity at the 
melting point, Kjcl (at melting point). Those elements which are most chemically 
active have the lowest specific gravities and therefore the highest atomic volumes ; 
thus it is found that the atomic volume falls from the beginning to the middle 
of a period, but rises again from the middle to the end ; for instance, the atomic 
volume of K is 45, of Ni 6.8, and of Br 26. In the same family the atomic volume rises 
with the atomic weight ; e.g., Li= 12, £=45, Eb=57, Cs = 7i. Similar relations 
are maintained between the molecular volumes (molecular weight divided by 
specific gravity) of the oxides and of some other compounds of the elements. 

The melting points of the elements in the same family decrease with rise of 
atomic weight ; thus, Li melts at 180° C., K at 58° 0 ., Rb at 39° 0 ., Cs at 27° C. 

The Periodic Table has found a twofold application : (i) It has served to 
enable chemists to foretell the existence and properties of elements which have 
subsequently been discovered ; (2) it has afforded a means for deciding the 
atomic weights of some elements. 

An example of the first of these is the prophecy by Mendeleeff of the existence 
and properties of germanium ; the principle upon which such predictions axe made, 
is that the properties of an element are approximately the mean of the four elements 
lohich immediately surroimd it. There was a vacancy in the table between Si 
and Sn ; Mendeleeff termed the element which had to be discovered to fill the 
gap, ekasilicon (eka is “ one ” in Sanscrit). According to the above principle, 
ekasihcon when discovered should have properties identical with the mean of 
those of Si, As, Sn, and Ga ; but Ga was itself unknown at the time, so Mende- 
leeff had to use Zn as a member of the quorum. The mean of .the atomic weights 
of these four elements is 71.5, so that this would be the atomic weight of ekasili- 
con ; that found for germanium is 72. Ekasilicon (Es) would probably form two 
oxides, EsO and EsOj, an acid oxide ; for although SiO is not known, SnO is 
known, and both SiOj "and SnO„ are stable, acid oxides ; GeO„, an acid oxide, is 
well known, and Ge *0 probably exists. EsCl^ and EsCL should exist, because 
SnOl4 and SnCL exist, but GeCL should be less stable than SnCL, for SiCL is not 
known. As a fact, both GeOl4'and GeCL exist, the latter being less stable than 
SnCL. Further, the boiling point of EsOL should be the mean of those of SnCl4 
and SiCL — namely, 88.5° ; it is found to be 86°. 

The second application of the table is illustrated by (i) the fixation of the 
atomic weight of beryllium, and (2) the correction of the atomic weight of tel- 
lurium. The equivalent of beryllium is 4. 5, and its atomic weight was at first 
said to be 13.5, because its oxide was supposed to be Be^Oj on account of its 
similarity to ALO3. With this atomic weight, however, this element would have 
to follow carbon in the periodic table, a position certainly at variance with its 
properties. It was therefore suggested that its atomic weight is really 9, in 
which case its oxide would be BeO and the element would fall into the then 
vacant place in group ii, a position which has since been' confirmed by the de- 
termination of the vapour density of BeCL, from which the maximum atomic 
weight of 9 is obtained. 

The atomic weight of tellurium was long accepted as 128 ; this placed the 
element after iodine in the periodic table, thus throwing iodine into group vi, 
with the elements of which it has no analogies, and tellurium into group vii, a 
position which it is incompetent to hold. A recent careful examination of tel- 
lurium has shown that, in the form in which it has been previously examined, it 
probably contains other elements, and that when purified its atomic weight is 
lower than that of iodine, probably 125. 


The Measurement of Chemical Affinity. 

Chemical affinity is a name conveniently employed to designate the 
unknown force by which chemical change is effected. 

Energy is that fundamental property which, in addition to mass, is possessed 
by every kind of matter, and for the present purpose it may be defined as ability 
to effect a change in the relative position of masses of matter, be they molar, 
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molecular, or atomic. It is of several kinds, of which chemical energy is one. 
Heat energy, electrical energy, kinetic energy (or that resident in moving matter), 
and potential energy (or that resident in matter by virtue of its position), are 

other kinds of energy. • , , j -n 

The nature of chemical energy is unknown ; but it may be compared witn 
potential energy, for it appears to depend upon the position of the matter in 
which it resides. Thus a mixture of hydrogen and oxygen may be said to possess 
a potential energy due to the position of close proximity of the molecules ; for, 
just as the potential energy of a stone on the edge of a cliff requires an impulse 
in order to convert it into another form of energy — the kinetic energy of its fall 
to the foot of the cliff— so the potential energy of a mixture of hydrogen and 
oxygen requires an impulse, such as the heat of an electric spark, in order to 
convert it into another form of energy — ^heat energy. 

The potential energy of a stone on a cliff is measured by multiplying the force 
which impels the stone to fall to the foot of the cliff by the space through which 
it has to fall, so that potential energy = force x space. Chemical energy may 
also be regarded as composed of two factors ; one of these is, perhaps, chemical 
affinity, the other is unknown. 

It is not necessary to know the force impelling the stone to fall, or the space 
through which it falls, in order to ascertain the potential energy of a stone on a 
cliff. If the stone be allowed to fall, and steps be taken to receive it in such a 
manner that all the heat generated by its impact with the earth is measured, then, 
by the principle of the Conservation of Energy,* the potential energy can be cal- 
culated from this heat which is exactly equivalent to it. (The mechanical equiva- 
lent of heat is : one gram-unit of heat = the energy represented by one gram 
falling through 42,350 centimetres.) 

It should be equally possible to measure the chemical energy of a mixture of 
hydrogen with oxygen by ascertaining the quantity of heat evolved during the 
combination of the gases, and although this method would not necessarily mea- 
sure the chemical affinity of the hydrogen for the oxygen, yet the value obtained 
would probably be proportional to this affinity. 

There are two methods by which a force may be directly measured: (1) A 
force of known magnitude may be brought to bear upon the force to be measured 
in such a manner that the two are in equilibrium. The two forces will then be 
equal. Such a method may be called a static method, and would be employed if a 
force of known value were brought to bear upon a falling stone so as to bring it 
to rest ; the force of the stone would then be equal to the opposing force ; (2) by 
measuring the velocity of a moving mass in successive seconds, the force impel- 
ling the motion is measured by the change which occurs in this velocity. This 
may be called a kinetic method. 

The attempts which have been made to measure chemical affinity involve 
methods analogous to these two methods of measuring dynamical force. But the 
attempt to measure the chemical energy of chemical reactions by ascertaining 
their heat changes, and thus to obtain measurements which may be regarded as 
proportional to chemical affinity, has been made to a much greater extent than 
have attempts to apply the static or the kinetic method ; the measurement of 
chemical energy by measuring thermal changes will therefore be considered first. 


Thcrmochenvisiry is that branch of the science of chemistry which 
deals with the study of the thermal changes accompanying chemical re- 
actions. The prime object of the study is to obtain relative measure- 
ments of the chemical affinities inducing the reactions. 

Attention has been called in the preceding pages to some of the 
principles ol thermochemistry, but they may aptly be summarised here, 
(i) Every chemical change is accompanied by a thermal change, which 
IS a constant quantity. (2) The thermal change occurring during the 


This pnnciplo may be expressed thus: In any space the total quantity of energy 
remains the same, althougb tbe energy may be transferred from one part of the space to 
anotber, or transferred from one kind of energy into another. An example of the prin- 
ciple IB furnisbed by the firing of a mixture of Hn t O in a vessel from which loss of heat 

iV* the vessel before the explosion 

and alter it, but after the explosion the energy is in the form of heat eneigy instead of 
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combination of elements to form a compound is called tlie 1ieat>oj 
formation of the compound. It is generally a positive quantity, that 
is, beat is evolved — the compound is exothermic; sometimes, however, 
it is a negative quantity, that is, heat is absorbed — the compound is 
endothermic. (3) The thermal change occurring dming the decomposi- 
tion of a compound is called the heat of decomposition of the compound. 
{4) The heat of decomposition of a compound is identical with, but of 
opposite sign to, the heat of formation of that compound. 

The last proposition follows from the principle of the conservation of 
energy (see foot-note, p. 279). The potential energy cf a mixture of 
elements is lost to the system in the form of heat energy when the 
elements combine ; and in order that the elements may be again 
imbued with the same potential energy, heat energy, or some other 
form of energy, must be restored to the system. 

The measurement of the thermal changes of chemical reactions is 
effected by causing the reaction to occur in a closed chamber which is 
immersed in a calorimeter, that is, a vessel containing a known weight 
of water, the rise in the temperature of which, due to the heat evolved 
in the inner chamber, is noted. The primary calculation involved is 
expressed by the equation : grams of water x rise of temperature = 
gram-units of heat evolved by the reaction. For the numerous errors 
to which the method is liable, and the calculations engendered by 
attempts to avoid them, the reader must consult the chapter on calori- 
metry to be found in most works on physics. 

The heat of formation of a compound is expressed thus: H,01 = 
22,000, meaning that the combination of i gram of hydrogen with 
35.5 grams of chlorine evolves 22,000 gram-units of heat. Again, 
= - 7 7oOj means that when 14 grams of nitrogen combine’ with 
32 grams of oxygen, 7700 gram-units of heat are absorbed. Again, 
Il20,S03 = 21,320, means that when 18 grams of water combine with 
80 grams of SO3, 21,320 gram-units of heat are evolved. The heat of 
decomposition is expressed similarly, but with reversed signs, thus: 
— H,01 = — 22,000 ; — ISTjOg = 4- 7700. 

The value obtained in a calorimeter for the thermal change of a 
reaction is not necessarily the thermal change due to that chemical 
reaction whose heat is to be measured. Allowance must frequently be 
made for secondary chemical reactions and for changes of physical state. 

Two examples may be quoted in order to make this clear — 

(1) 80 grams of SO3 were mixed with a large excess of water (the quantity 
being known) with the view of ascertaining the thermal change SO3, H„ 0 . The 
value obtained was 39,177; but this obviously includes two thermal changes: 
ia) that due to the combination of 80 grams of SO3 with 18 grams of H„ 0 , and 
(6) that due to the combination of the H„SO^ produced with an excess of water. 
When sulphuric acid is diluted with water in a calorimeter, it is found that heat 
continues to be evolved until the weight of water amounts to about thirty-six 
times that of the sulphuric acid (corresponding with the formula H2S0420oH20) ; 
this thermal change amounts to 17,857 gram-units per 98 grams of HjSOj, and 
must be subtracted from that observed on mixing 80 grams of SO3 with a large 
excess of water in order to arrive at the value S03,H20. This now becomes 
21,320. A similar action of excess of water has to be" taken into account in 
many cases, and it is customary to use the symbol Aq for such an excess. 
Thus, S03,Aq=39i77 means that when SO3 is dissolved in so much water that 
the addition of a further quantity will produce no further thermal change, 
39.177 gram-units of heat are evolved. 

(2) o‘i gram of hydrogen and 0'8 gram of oxygen were mixed. and fired in a 
calorimeter, the final temperature of which was 20° C. The gram-units of heat 



28i 


INTERPRETATION OP THERMOCHEMICAL DATAi 


evolved by the reaction (calculated from the rise of temperature) amounted to 
3418. This corresponds with H ,,,0 = 68,360. But since we know of at least three 
sources from which this thermal" change is derived, this value cannot be regarded 
as expressing the amount of heat energy equivalent to the chemic^ energy of the 
combination. The first source is the chemical energy of the combination, ine 
second and third sources are due to the change of aggregation which occurs after 


the gases have combined. . 

The steam produced by the combination of Ho-fO occupies two-thirds of the 
volume previously occupied by the mixed gases ; now the ccmtraction of the 
volume of a gas always involves a transformation of some of the kinetic energy 
of the gas into heat energy, in other words, heat is evolved by the contraction. It 
is unreasonable to suppose that the condensation of H^-rO into steam is an 
exception to this rule, so that the heat evolved by this condensation must be 
allowed for in the present case ; a value for it, however, can only be calculated 
when the kinetic energy of the molecules of hydrogen and oxygen, and that of 
the molecules of steam are known. The method by which these kinetic energies 
are calculated cannot be given here ; suffice it to say that the difference between 
the kinetic energy of 18 grams of Ho+O and that of i8 grams of steam has been 
calculated to be equivalent to 193 gram-units of heat. 

Of much greater importance than the above item is the difference between the 
kinetic energies of steam molecules at 100“ C. and water molecules at the same 
temperature. This difference is well known, and is expressed by the heat of con- 
densation of steam. One gram of steam at 100° C. evolves 53^-5 gram-units of 
heat in becoming water at 100° C. Therefore 18 grams will evolve 9666 gram- 
units. In the calorimeter the water formed by the reaction does not remain at 
100° C., but cools to 20° C. before the temperature of the outside water in the 
calorimeter is measured. In cooling from 100° to 20°, i gram_ of water loses 
So gram-units of heat (supposing that the specific heat of water is constant over 
this range of temperature) ; therefore 18 grams of water lose 1440 gram-units. 

Prom these remarks it will be seen that of the total 68,360 gram-units evolved 
by the reaction in the calorimeter, 11,299 are due to the changes of aggregation, 
namely, 193 to the contraction of Hj-f-O to steam, 9666 to the condensation of the 
steam to water at 100° 0 ., and 1440'to the cooling of water from 100° 0 . to 20° C. 
By deducting these 11299 units from the total, 57061 gram-units are obtained as 
the thermal equivalent of the potential chemical energy of a mixture of hydrogen 
and oxygen, rendered kinetic by the combination. 

It must be remembered that even when every allowance has been 
made for such secondary reactions and sucli changes of aggregation, it 
is by no means certain that the thermal value obtained represents the 
energy of combination of the atoms concerned in the chemical change. 
If the hypothesis be adopted that the molecules of hydrogen and 
oxygen, for example, must he sepai’ated into their constituent atoms 
before combination can occiu', it must be admitted that some energy 
is absorbed in this preliminary process. This energy will become 
potential in the atoms, and may or may not be completely rendered 
kinetic, and therefore evolved as heat, when the atoms combine to form 
molecules of water. Thus it may happen that the heat evolved in the 
combination of hydrogen and oxygen, is only the excess of that 'due to 
the combination of the atoms of H and O over that absorbed by the 
decomposition of the molecules of H and 0 into atoms. It will be 
obvious, however, that for all practical purposes, such as for the calcu- 
lation of the calorific value of a gaseous fuel (see “ Chemistry of Fuel ”), 
the calorimeti’ical value for the combination of hydrogen and oxygen 
is a perfectly correct one, inasmuch as the gases employed in the experi- 
ment are in the same condition as those used in practice. 

The heat of formation of many compounds cannot be dmectly deter- 
mined because the compounds are not formed by the direct combination 
of their elements. In such cases the value is calculated by methods 
which can receive but short notice here. 

Tlie principle underlying one of these methods is that the thermal 
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cliange of any reaction in which a compound AB is concerned, must be 
smaller or greater^' than the thermal change of a reaction — having the 
same products — in which the comtituents A and B are concerned, by the 
heat of formation of AB. Bor example, the combustion of CH^ is ther- 
mally expressed thus : 0H4,0^= 211,930 gram-units; but it is supposed 
that the mechanism of this combustion consists in the decomposition of 
CH4 into its elements which are then burnt, and it will be at once evident 
that in the two reactions, CH^ -b O4 = COg -f 2H2O and 0 + -f O4 = 
COg-b 2H2O, the heat evolved in the latter will differ from that evolved 
in the former by an amount representing the heat of decomposition of 
OH^. Now 0,03 = 96,960 gram-units, and 114,02=136,720 gram-units; 
therefore ( 0 -bH4), 64 = 96,960 -b 136,720 = 233,680 gram-units. But 
0114,04=211,930, that is, the heat of combustion of the constituents of 
OH4 exceeds that of OH4 itself by 21,750; consequently, CH4 must 
have absorbed this amount of heat in being decomposed into its elements 
before these were burnt. Thus it is concluded that marsh gas is an 
exothermic compound, and that 0,114 = 21,750 gram-units. 

Another instance : N2O cannot be formed directly from its elements, 
but the heat of combustion of carbon in the gas is easily determined, 
and it is found that the reaction 0 -b 2N2O = OO2 -b N4 evolves 133,900 
gram-units. Now this reaction involves tbe decomposition of 2N2O and 
the formation of OOg, so that the heat evolved should be smaller or 
greater than that evolved in the reaction 0 -b O2 = CO2 by the heat of 
decomposition of 2N2O. Since 0,03 = 96,960, the heat of decomposition 
of 2N2O must be 133,900 - 96,960 = 36,940 gram-units, and that of NjO 
must be 18,470 gram-units ; in other words, nitrous oxide evolves heat 
in its decomposition, and is therefore an endothermic compound, or 
N2,0= - 18,470. 

Another method for indirectly determining the heat of formation of 
a compound depends upon the fact that the total energ}’’ change in a 
reaction is the same whether the reaction takes place in one stage or in 
several. This is only an application of the principle of the conservation 
of energy; the total energy of a stone falling to the, earth is the same 
whether the fall occur in one stage or in several stages. An example 
of the method is furnished by the determination of the heat of formation 
of II2SO4. This compound cannot be made from its elements directly, 
but the heat of the reaction II2O -b 803,-1- 0 = H2SO4 is determinable, 
and that of II2 -b 0 = HjO, and of 8 -b 0 „ = SO2, are well known. The 
total heat evolved in the formation of H„S04 same whether 

the change takes place in one stage, H2 -i- 8 -b O4 = H2SO4, or in three 
stages, viz., (i) H, -b 0 = H2O -b 68,360 ; (2) S -b 03 = 80,4- 71,080 ; (3) 
HjO -b 8O2 -b O = H2SO4 -b 53,480 ; consequently, Il2,S,04 = 68,360 -b 
71,080 -b 53,480= 192,920. 

From what has been said, it will be apparent that the thermal changes 
of chemical reactions, as they are at present determined, cannot be 
regarded with certainty as equivalent to the total chemical energy con- 
cerned in the reaction. They cannot, therefore, be said to be an abso- 
lute measure of the chemical affinity of elements for each other. 

Nevertheless, the thermochemical data which have been accnmulated, and are 
to he found in most books of chemical constants, are useful aids to the chemist 
when it is remembered (i) that endothermic reactions do not occur save by the 
application of external energy (generally applied in the form of heat energy) ; 


According as AB is exothermic or endothermic. 
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( 2 ) that oi two exothermic reactions, that is more likely to occur, under ordinary 
conditions, which is the more exothermic, and (3) that of two exothermic com- 
pounds that which is the more exothermic is the more stable. 

Eor example, it is seen from the thermal values Ca, 0 = 132,000 and C, 0 „— 9^900 
that it is not probable that carbon will reduce OaO at any but a very high 
te mperature ; for the reaction 2CaO + C = CO„ + Ca^ is highly endothermic, since it 
involves the heat of decomposition of 2CaO ( - 264,000), and the heat of formation 
of COj, leaving a balance of - 167,040 gram-units. As a fact the reaction does 
nob occur at any^temperature hitherto atta.ined. _ . 

Again, in any competition between chlorine and bromine for hydrogen, chlorine 
may be expected to prevail, for H,Cl = 22,ooo and H,Br= 13,500. HCl is the more 
stable of these two because it is the more exothermic. 

In attempting to use thermal data as a guide for prophesying what will occur 
in a chemical reaction, it must not be forgotten that they have nearly all been 
determined at an initial and final temperature of about 20° C., and are only true 
for the elements in their usual condition at this temperature. There is no reason 
to suppose that the thermal change at a high temperature is the same as it is at 
26° C. Thus it has been shown that the heat of formation of hydrogen iodide is 
negative at low temperatures, but positive at 400° C. 

Static method of measuring chemical energy. — ror practical purposes 
chemical reactions may be classified into complete and reversible reac- 
tions. The former class includes those changes in which the whole of 
the reacting substances is converted into the products of the reaction ; 
for example, when a mixture of equal volumes of H and Cl is fired, 
the two gases combine completely and are entirely converted into HOI. 
A reversible reaction is of such a nature that the products of the re- 
action mil, under a slight alteration of conditions, react with each 
other to re-form the original substances. Thus, when steam and iron 
are heated together a reaction expressed by the equation Fe^ -f 4H2O = 
-1- Hg occurs ; but it is equally true that when hydrogen and 
FejO^ are heated together the reaction FegO^ + Hg = 4H„0 + Fe^ occurs. 
How either of these reactions may be carried to approximate com- 
pletion under certain conditions ; thus, by passing steam over red-hot 
iron the whole of the iron can be converted into Fe^O^ ; so also by 
passing hydrogen over FOgO^ at the same temperature the whole of 
this can be reduced to metallic iron. But if iron and steam be heated 
together in a closed vessel, the iron will never be completely oxidised. 
This is because the reaction is revei’sible, that is to say, as soon as any 
Fe,Oj and H ai’e produced these tend to react with each other to form 
HgO and Fe 5 in other wmrds, the reaction Feg 4- 4H,0 ^ FCgO^ + Hg, can 
tnke place in either du’ection at the same time, a fact expressed by the 
substitution of 1;: for = in the equation. 

It has been seen, however, that by passing steam over red-hot iron 
the latter can be completely oxidised — that is to say, the equation 
+ 4H2O = FCgOj 4- Hg can be realised. This is only possible because 
one of the products of the reaction (the hydrogen) is in such a physical 
condition that it can be removed from the sphere of action (the tube in 
which the reaction is performed) ; indeed, for the complete exudation of 
the iron a lai’ge excess of steam over that indicated as necessary by the 
equation (73 parts of steam for 16S parts of iron) miist be passed 
tlu^ugh the apparatus containing the iron in order to sweep away the 
hydrogen. If the hydrogen could not be removed in this manner, the 
completion of the reaction would be impossible. The same remarks, 
miitaiis JHu/uudis, apply to the complete reduction of Fe^O^ by hydrogen. 

xV reversible reaction can only become complete Avhen one of the 
products of the reaction is removed from the sjihere of action. Under 
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any other conditions the vessel in which the reaction is proceeding will 
contain some of each of the reacting substances, and some of each of 
the products of the reaction. 

The question naturally arises, When iron and steam are heated in a 
closed vessel, so that nothing can escape from the sphere of action, how 
far will the reaction proceed ? How much iron oxide and hydrogen will 
be produced ? How much steam and iron will be left ? To fully appre- 
ciate the state of the case it must be realised that both the reactions ex- 
pressed by the equation FOg + 4H„0 FCjO^ + H^ are proceeding at the 
same time, and during the whole time, and that if the temperature he 
kept constant a period will soon be reached, and when the amount of 
iron oxidised per unit time will be exactly equivalent to the amount of 
iron oxide reduced per unit time. 

When this period is reached the equation in the direction repre- 
sented by the arrow which may conveniently be termed the equa- 
tion representing the positive change, rvill be realised to exactly the 
same extent as the equation represented by the arrow ■«— (the negative 
change) is realised, per second. This is called the equilibrium stage of 
the reversible reaction, and when it is attained an analysis of the con- 
tents of the vessel will show the same proportion of iron, steam, iron 
oxide, and hydrogen to be present, however long the vessel is main- 
tained at the same temperature. An alteration in the temperature 
will cause an alteration in the extent to which either the positive or 
negative change will take place per second ; so that with every such 
change of temperature a new equilibrium stage will be established, and 
an analysis will show a new proportion between the quantities of the 
four substances present. 

There is another factor besides temperature which influences the 
quantity of each of the substances present at the equilibiium stage of 
a reversible reaction. This is the mass of any one of the substances. 
Thus, if iron and steam be heated in the proportion represented by 
the equation (168 parts of iron : 72 parts of steam) at any given tem- 
perature, exactly the same quantity of iron oxide and hydrogen will be 
produced as would remain undecomposed if iron oxide and hydrogen 
were heated in the proportion represented by the equation (232 
parts of FCgO^ : 8 parts of hydrogen) at the same temperature. But if 
the mass of any one of the four substances be increased, then the 
quantities of the others present at the equilibrium stage will be altered. 
If the proportion of either of the constituents on the left hand of the 
equation be increased, the positive change will have taken place to a 
greater extent — that is, more Fe^O^ and H will have been produced — 
when the equilibrium stage is reached, than was the case with the 
former proportion. If the proportion of either of the substances on 
the right hand of the equation be increased, the negative change will 
take place to a greater extent than before. 

This mass action is of great importance in chemical change, and may 
be generally expressed by stating that chemical change is proportional 
to the active mass of each of the substances taking part in the reaction. 
By active mass is meant the number of molecules of the substance in 
unit vokune, such as gram-molecules per litre. 

From a practical point of view mass action frequently influences chemical 
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change, a large mass compensating a feeble affinity ; such a case will be met 
with in the description of the manufacture of caustic soda where the com- 
paratively feeble affinity of lime for carbonic acid is nevertheless sufficient to 
allow the reaction Na.C0,+Cai0H),=2NaOH+CaC03_to occur, if the mass of 
lime in proportion to that of sodium carbonate be considerably greater than that 

represented by the equation. _ 

It is not difficult to imagine the mechanism of this mass action ; the greater 
the number of molecules in a given space the more frequently will they come 
into contact with each other, and since chemical change appears to occur only 
between molecules in contact, the greater will be the amount of chemical change 
produced. In the case of steam and red-hot iron, it is obvious that the greater 
the number of steam molecules present, the more frequently these will come in 
contact with the iron and the more oxide of iron, and consequently hydrogen, 
will be produced. 

The subject of dissociation furnishes numerous examples of mass action. 

The chemical equilibrium between two opposing reactions, such as 
those concerned in the action of steam on red-hot iron, should serve as 
a static method for determining chemical energy. For the equilibrium 
is between two chemical affinities, the one tending to produce the 
positive change, the other tending to produce the negative change ; and 
the amount-of each change must be propoidiional to the affinity which 
produces it j so that by analytically determining the quantities of sub- 
stances present, and, therefore, the extent of the reaction, at the 
equilibrium stage, it should be possible to form a comparison between 
these affinities. 


The action of steam on red-hot iron does not lend itself to the application of 
this method. But a number of double decompositions has been studied from 
this point of view ; they are reversible reactions and arc mosily between organic 
compounds, so that in this place it will be more useful to express them by the 
general form AB-(-GD ^ AC-f BD. The opposing forces which bring about the 
equilibrium of such a change are the sum of the affinities of A for C and B for D 
(say k] against the sum of the affinities of A for B and C for D (say li^). The 
amount of chemical change which has occurred at the equilibrium stage is 
proportional to the active masses of the reacting substances, and, presumably, also 
to these coefficients of affinity, k and k^. The amount of chemical change can be 
measured by chemical analysis. Suppose AB and CD be mixed in the proportion 
of one gram-molecule of each; then, when equilibrium has been attained, there will 
be present a fraction of a gram-molecule of AC, BD, AB and CD respectively ; and 
the fraction will be the same for AC and for BD, and also the same for AB andl 
CD. Let this fraction of AG and BD be x, then that of AB and CD must be i — a.’,, 
for one gram-moleoule was originally taken. 

The active masses of AC and BD, tending to produce the negative change are ox 
and X, and their total effect may be represented as xx or x"^. The affinity tending to 
produce the negative change is ]i\ so that the total force producing the negative 
change is x^. 

The active masses of AB and CD are r-a: and i-x, and the affinity is k;- 
therefore the total force tending to produce the positive change is Z;( i - xf. 

When the equilibrium stage is reached these two forces are equal to each other, 
whence k{\-x)~=l:^x^ ox klk^=x‘f{i —x}". Thus the ratio /://d can be determined,, 
for X IS determinable by analysis. For example, when acetic acid and ethyl 
alcohol are heated together, ethyl acetate and water arc produced, the reaction 
being reversible. When x is determined (after no more change appears to occur),, 
itisfoundtobel, whence, by the above formula, Z:/Z:i=4. • I 

By this static method the relative affinity, or avidity, of acids for bases has been 
determined. The principle of the method is to mix equivalent quantities of two 
acids with a quantity of base insufficient to saturate both, and to determine what 

acquire. Thus, when NaOH is mixed with 
iiiNOa and (equal equivalents) two-thirds of the soda combines with the 

nitric acid ynd one-third with the sulphuric acid, showing that the avidity of the 
mtnc acid is twice as great as that of the sulphuric acid. If the avidity of nitric 
uciu DC taken as ij tkat of sulpkuric acid, is 0.5. 



286 


VELOCITY OP CHEMICAL CHANGE. 


The avidity of an acid may be defined as the proportion of base which 
that acid wall appropriate when equivalent quantities of the acid, a base and ' 
HNO3 are mixed in aqueous solution. It is independent of the nature of the 
base. The following order of avidities is probably correct: HN03=i ; HCl=i; 
HBr^o.Sg; HI=o.79 ; HjSO^^o.s. 

Thus, in solutions of equivalent concentration, HNO3 and HCl must be 
accounted stronger acids than HoSOj ; but the greater volatility of the two 
first will enable HjSOj to expel them when heated with their salts. 

The kinetic method of measuring chemical affinity . — This method of measuring 
chemical affinity consists in determining the amount of chemical change which 
takes place in unit time, not waiting for equilibrium to occur. This value is 
termed the coefficient of velocity of the change, and the greater this coefficient of 
velocity the greater the force inducing the change. 

Most changes take place too rapidly for any determination of the coefficient of 
velocity, but in the class of changes known as hydrolysis (p. 256), such a measure- 
ment is possible because the change only occurs with moderate rapidity in the 
presence of an acid. Thus, when cane sugar is boiled with water it is very slowly 
converted into invert sugar ; C,2H2o0„-}-H0H = 2C3H,30g ; but in the presence of a 
dilute acid the change is much more rapid, and can be measured by determining 
the amount of invert sugar produced. The action of the acid is not understood 
but is generally ascribed to & predisposing affinity of the acid for the invert sugar ; 
this means that the invert sugar is the more readily produced because of the 
tendency which the acid has to form an unstable compound with it ; such a com- 
pound must be soon decomposed again, because to all appearances the same amount 
of free acid remains in the solution after the hydrolysis as was there before. 

Different acids have a different influence on the rate of the hydrolysis of cane- 
sugar, &c. , and it is reasonable to suppose that this rapidity of action is in some 
way proportional to the affinity, or avidity, of the acid. By determining the 
velocity of hydrolysis — that is, the amount of cane-sugar which has been hydro- 
lysed per'minute — when different acids are present, the avidities of the acids may 
be compared. The mathematical calculations involved are somewhat complex, 
and cannot be discussed here. The method yields values for the avidities of 
acids which are in the same order of magnitude as those determined by the static 
method. 

Molecular Structure. 

It is customary to regard solids and liquids as consisting of ultimate 
particles which are more complex than those of gases. Thus, whilst 
the ultimate particles of steam consist of true molecules, which may he 
represented by the formula H^O, those of ice and water consist of 
aggregates of these molecules, each represented by the formula 

In the case of all three states of matter the ultimate particles may 
be supposed to possess the kinetic energy of motion, and it is reasonable 
to conclude that this kinetic energy is increased when the temperature 
is raised. The movement of solid particles may be regarded as limited 
to a species of oscillation, that is to say, the ultimate particles cannot 
move far from their original positions. As this movement is increased 
by rise of temperature there is a tendency for the particles to move so 
fast that they break away from the influence of each other, and are im- 
bued with much more freedom of motion. The temperature at which this 
happens is the melting point of the solid, and is constant until the 
whole mass is liquid, since heat is absorbed in order to effect the work 
of breaking down the .aggregates. 

The ultimate particles of a liquid are still considerably under the 
influence of each other, although those at the surface escape and move 
about in the space above the liquid without influencing each other to 
any but a very limited extent ; this is the evaporation of the liquid. 

* In the case of water there is evidence that these aggregates are of a magnitude 
expressed by the formula 4H2O, 
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Wlieu the space is limited, it soon becomes saturated with these vapour 
molecules, and evaporation apparently ceases. This happens when as 
many molecules of vapour attach themselves to the surface of the 
liquid as escape from it, in unit time. 

The ultimate particles in a saturated vapour are probably aggregates 
very similar to those which constitute the parent liquid. As the tem- 
perature of the vapour is raised, the motion of the particles becomes 
more rapid, and the aggregates are broken down until the ultimate 
particles have become true nmlecules. The vapour is then a gas, and 
will conform mth the laws which connect the volume of a gas with its 
temperature and pressure. 

An ideal gas is one the molecules of which have no influence on each 
other, and do not remain together for an appreciable period when they 
collide. Of such gases alone can it be said with truth that equal volumes 
contain the same number of molecules. The higher the temperature 
of a gas above its critical temperature (p. 25), the more nearly will it 
accord in properties with a true gas. 

The hinetic theory * of gases states that the molecules of a gas are 
in constant and rapid motion in straight lines, and that they continue 
this motion until they strike each other or the walls of the containing 
vessel. The impacts against the sides of the vessel give rise to the 
pressure of the gas, whilst the temperature of the gas is a measure of 
the velocity of motion of the molecules. 

If it be agreed that the temperature of a gas is a measure of the motion of its 
molecules, it is reasonable to suppose that equality of temperature between two 
gases means equality of motion. Two moving masses are said to have the same 
quantity of motion when their kinetic energy is the same. So two molecules will 
have the same energy of motion when the product of the mass of each into half 
the square of its velocity is the same, or when mv"/„= 7 n^v^'[„, for this product is 
the expression for the kinetic energy of a moving mass. But neither the mass 
nor the velocity of each molecule is known supposing that M is the mean mass 
and V the mean velocity of each molecule in the one gas, and M, and V, these 
values in the other gas ; the equality of temperature will be represented by 
or The pressure of the gas is due to the impacts of 

its molecules against the sides of the containing vessel. The force, and therefore 
the pressure, exerted by these blows will depend on (i) the number of impacts per 
unit time, and (2) the momentum of each molecule. The number of blows in unit 
time will depend on the number of molecules (N) in unit volume and the mean 
velocity of each ; let x be the mean velocity of each molecule in a direction at 
right angles to the side of the vessel. Then the number of impacts on this side 
per unit time will be Na;. Momentum being mass x velocity, the mean momentum 
of each molecule will be \Ta;, The pressure exerted by the gas on this side of the 
vessel may therefore be written MccxNa; or p=MNx“. But x is only the mean 
velocity in a direction at right angles to one side. It is impossible to consider 
the velocities in all directions because these are so numerous, but all are capable 
of resolution into three components at right angles to each other and to the sides 
of the vessel. One of these, x, has been already considered ; the other two must 
be eacu equal to x because the pressure on each side of the vessel must be the 
same, so that the velocities towards each side must be the same. Each component 
is therefore equal to x, and the sum of all the mean velocities must hex + x+x, and 
the square of each component is x". The mean velocity of all the molecules in 
all directions has already been called V, and the square of this must be equal to 

the sum of the squares of the components, or V 2 =x" + x-+x2, or x2=Xr. Substi- 

3 

tuting this value in the equation representing pressure, this becnmes ^ — 

3 ■ 


KtiTjo-is =: motion. 
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■\Mien gases are at the same pressure the two expressions for that pressure must 

be equal, or or MNV-=M.N,Vj“. It has been already noted 

3 3 

that when gases are at the same temperature MV-=M,V,-, so that when both 
pressure and temperature are the same N=N, ; in other words, when gases are at 
the same temperature and pressure the number of molecules in unit volume is 
the same (Avogadro’s law). 

Another important fact follows from the theory. The product of the mean 
mass of the molecules into the number of molecules (MN) is obviously the density 
of the gas ; substituting D for this in the above equaMon, this becomes DV'=D,V,-, 
from which V- : V,” : : D, : D or V : V, ; : : kJd — that is, the velocities of 

the molecules vary inversely as the square roots of their specific gravities. Now, 
the phenomenon of diffusion obviously depends on the velocity of the molecules, 
and it has been already shown (p. 23) that the rates of diffusion of gases varj' 
inversely as the square roots of their densities. 

It is easy from the above formulae to calculate that the velocity of hydrogen 
molecules is 1S59 metres (6077 feet) per second. The value of N is estimated at 
21 trillions for i c.c. at 0° C. and 760 mm. 


Dissociation . — Since the particles of a gas or vapour at a temperature 
near the boiling point of the corresponding liquid are liable to consist 
of aggregates of true molecules, it is obviously improper to determine 
the vapour density of a compound, with the view of ascertaining its 
molecular weight at such a temperature. Furthermore, the vapour 
density from which the molecular weight is to be calculated should 
remain constant as the temperature rises,**' showing that all aggregates 
have been broken up and that the gas consists of true molecules. It 
happens in many cases, however, that if this principle is followed a 
molecular weight is obtained which cannot he accepted as that of the 
compound under treatment. For example, the vapour density of 
ammonium chloride at temperatures above 350° 0. is about 14, and it 
remains at this value as the temperature is raised. The molecular 
weight corresponding with this vapour density is 28 (for M = 2D); 
but a compound containing nitrogen, hydrogen, and chlorine in the 
proportion of and 01 cannot have a molecule of lower molecular 

weight than would be represented by the formula NH^Cl, because the 
molecule cannot be supposed to contain less than one atom of N and 
one atom of Cl. Consequently the vapour density of NH^Cl is one 
half of what it should be. 

Such cases are due to dissociation. When ammonium chloride is 
heated it dissociates into NHj + HOl, a mixture which would, of 
course, possess half the vapour density of NH^Cl ; for the mixture 
contains 53.5 parts by weight in four volumes, whilst the compound 
would contain 53.5 parts by weight in two volumes — that is, the 
m ixture contains one-half as much matter in the same space as the 
compound should contain ; it is one-half as dense.' The experimental 
proof of this dissociation has been given on p. 140. 

It is found that the vapour densities of many of the elements 
decrease as the temperature rises, indicating that aggregates of mole- 
cules are suffering dissociation. A comparison of the atomic weights of 
those elements which can be volatilised, with the vapour densities of 
the same elements, shows that the molecules of several elements in the 
gaseous state must be considered as containing other than two atoms. 

The elements may be classified in this respect as follows ; (i) Those whose 


° The vapour density is the ratio of the weight of a volume of the gas to that of an 
equal volume of H at the same temperature and piressttre. 
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vapour densities are identical with their atomic weights at all temperatures ; 
H, 0 and N are the chief of these. Since M=2D, the molecular weights of these 
atoms must be twice their atomic weights, and their molecules must therefore 
each contain two atoms. These gaseous molecules are diatomic at all tempera- 
tures. (2) Those whose vapour densities are identical with their atomic weights - 
at low temperatures, but become one-half of these at high temperatures. These 
are Cl, Br, I ; their molecules are diatomic at low temperatures, but monatomic at 
high temperatures. (3) Those whose vapour densities are one-half of their 
atomic weights at all temperatures, so that their molecular weights are identical 
with their atomic weights at all temperatures. These are Na, K, Zn, Cd, Hg. 
Their molecules are monatomic at all temperatures. (4) Those whose vapour 
densities are twice their atomic weights at low temperatures, but identical with 
them at high temperatures. Such are P, As, Sb. Since M = 2D, the molecular 
weights of each of these gaseous elements must be four times their atomic weight 
at low temperatures, but only twice at high temperatures. They are tetratomic 
at low, but diatomic at high temperatures. (5) Those whose vapour densities are 
a greater multiple than twice their atomic weights at low temperatures, becoming 
equal to their atomic weights at high temperatures. Sulphur is the only 
example (see p. 210). 

A little consideration of tlie definition of dissociation (p. 140) will 
show that the phenomenon belongs to the same class as the reversible 
reactions, such as the action of steam on red-hot iron discussed above.f 
The contemplation of the case of phosphorus pentachloride will render 
this more evident. When this compound is heated above 300° 0 . it 
dissociates to a very large extent into POlj -t- Clj, a fact discovered by 
attempting to determine the vapour density of POI5. The amount of 
dissociation which will have occurred will depend on the temperature 
and on the active masses of the substances present. The equilibrium 
between the positive and negative changes of the reversible reaction 
POljj'^^POlj-f Olj, will occur when the same quantity of POI5 is dis- 
sociated and associated in unit time, and this will vary for every tem- 
perature. 

Since POI3 represents 2 vols. and Clg also represents 2 vols., the total 
active mass tending to prodhce the negative change is twice as great 
as the active mass tending to produce the positive change. If the 
vessel containing the three substances at the equilibrium stage be 
diminished in size, that is, if the pressure be increased, the active 
masses of all three will be increased ; for there will now be more of 
each in unit volume. Suppose the pressure to have been trebled; the 
active mass of each will have been trebled ; but. the negative change is 
proportional to the active masses of POI3 and 01^ so that it will have 
become nine-fold, whilst the positive change is only dependent on the 
active mass of the PCI5 and will therefore have only been trebled. 
Consequently the negative change will predominate over the positive 
change, and a new equilibrium will be established — in other words, the 
dissociation will be^ diminished. Similar reasoning may be applied to 
all cases of the dissociation of gases, when it will be found that if 
the products of dissociation have a larger total volume than the volume 
of the^ substance undergoing dissociation, an increase of pi'essure will 
diminish the dissociation, whilst a diminution of pressure will increase it. 

The effect of introducing one of the products of the dissociation into 


The temperatures referred to in this classification range from 100° 0 . to 1700° 0 . 
t iiecently ceruun phenomena have been noted, which seem to indicate that dissocia- 
tion of a compound can occur in the reverse sense to that usually observed, namelv. as 
the compoimd cools. The behaviour of ruthenium tetroxide (0. v.) may he quoted as au 

example. Further search for phenomena of this Mud is needed. quoieu as an 


T 
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tlie vessel at the equilibrium stage would be to increase the active mass 
of that product and to increase the negative change, that is, to cause 
association. Thus, if PCI3 were introduced there would immediately be 
a reproduction of POl^. Advantage may be taken of this to prevent 
dissociation from occurring at all ; for instance, if PCI5 be heated in a 
vessel containing PClg, it will not undergo dissociation until a much 
higher temperature than that at which it dissociates when heated alone. 

The extent to which PCI5 has undergone dissociation is calculated from the 
observed vapour density. Let x be the percentage of molecules- which have 
undergone dissociation ; then 100 -a; is the percentage still associated. But the 
X molecules have become 2X molecules when dissociated. Therefore 100 molecules 
have become 1 00 - a: + 2.u= 100+ a; molecules after partial dissociation, so that the 
volume is increased in the ratio 100 : 100 -fa;. The vapour density, however, has 
decreased inversely to the volume. If d be the vapour density before, and D that 

after, partial dissociation, then 100 : loo-fa; : : D : d or 

Evaporation . — The similarity between changes which are generally 
distinguished as physical and chemical is well seen by a comparison of the 
phenomenon of dissociation with that of evaporation. It has been already 
stated that when evaporation occurs in a confined space, it apparently 
ceases when as many particles leave the space and attach themselves to the 
surface of the liquid, as leave the surface and move about in the space, 
in unit time. Thus, evaporation is a reversible change capable of attain- 
ing an equilibrium stage. The number of particles of vapour which 
attach themselves to the surface of the liquid in unit time, depends on 
the number which strikes the surface ; according to the kinetic theory 
of gases, this number is measured by the pressure of the vapour, so that 
the evaporation ceases when the pressure of the vapour has reached a 
certain value. The number of particles of liquid which enter the space 
in unit time, depends on the temperature of the liquid j the higher this 
is, the greater the number of particles which leave the liquid in unit 
time, and, therefore, the greater will have to be the number of vapour 
particles striking the surface of the liquid, per unit time, in order to 
bring about equilibrium. In other words, the higher the temperature 
of the liquid, the greater will be its vapour pressure when evaporation 
has apparently ceased. 

It will be obvious from these remarks that the evaporation of a liquid 
is increased by raising its temperature, and is decreased by raising the 
pressure of its vapour above it. Thus, if the evaporation be considered 
as a reversible change, it is analogous to the dissociation of POI5 in that 
temperature and pressure are at war with each other in their efiect on 
the extent of the change. It is interesting to note that temperature 
eventually prevails, and that for every liquid there is a temperature 
above which no amount of pressure will prevent it from becoming 
vaporised ; this is its absolute boiling point (p. 25). 

For a right understanding of the influence of pressure on evaporation 
(and dissociation) it is necessary to realise the principle of partial pressure. 
When two gases are mixed the resulting pressure on the side of the 
containing vessel is the sum of the pressure which each gas exerted 
before the two were mixed ; so that a law of partial pressures may be 
stated in this way : In a mixture of gases the pressure exerted by 
each gas is exactly the same as the pressure which that gas would 
exert did it alone occupy the volume filled by the mixture. Thus, in 
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air, wliere tli6 proportion of ; 0 is approximately 4 • ij ■g'tli of tlio 
pressure is exerted by the 0 and Ath f>y tbe 

From tbis it follows that in a mixture of vapour and air the vapour 
exerts the same pressure as it would exert did it alone occupy the space 
filled by the mixture, and that, since the extent to which a liquid will 
evaporate depends, when the temperature is constant, solely on the 
pressure of its vapour, evaporation must proceed to the same extent in 
a vacuum and in ah’. Thus, at 15.3” 0 water and its vapour are in 
equilibrium when the pressure of the latter is equal to 12.9 mm. of 
mercury, so that water will continue to evaporate until it has parted 
with sufficient vapour to create this pressure in the space above it. If 
that space originally contained a vacuum, a pressure-gauge will show a 
pressure of 1 2 9 mm. when the evaporation has apparently ceased ; if 
the space originally contained air at 760 mm. pressure, the gauge will 
show a pressure of 760 + 12.9 mm. 

The hastening of evaporation by a draught of air is simply due to 
the prevention of the accumulation of vapour over the surface of the 
liquid ; in this way the vapour pressure may be hindered from rising to 
that which causes equilibrium. 

The case of the dissociation of calcium carbonate by heat is closely 
analogous to that of evaporation. The reversible change, CaOOj CaO 
+ CO5, reaches equilibrium* when the pressure of the 00^ has attained a 
certain value depending on the temperature. Since the pressure of the 
COj is a measure of the weight of it in unit volume, the equilibrium is 
reached when the product, COj, has a certain active mass dependent on 
the temperature. Thus, at 740° 0 . the equilibrium pressure is 255 mm, 
and when this has been attained no further dissociation can occur ; if 
the calcium carbonate be heated in a vessel exposed to the open air, the 
CO2 will gradually diffuse away and its partial pressure will be reduced 
below 25s mm,, so that the change will continue. By exposing the 
heated mass to a draught of air, the admixture of the 00^ with the 
surrounding atmosphere, and therefore the completion of the dissocia- 
tion, will be more rapid. If the pressure of the GO^ be not allowed to 
rise to 255 mm., the complete conversion of G'aOOg to OaO can be effected 
at a correspondingly lower temperature. 

A precisely similar influence is exerted by temperature and pressure 
on the solubility of a gas in water. The solubility decreases with rise 
of temperature and increases with rise of pressure. For perfect gases 
the following generalisation is true : — ^The solubility of a gas in a liquid 
is directly proportional to the pressure exerted by the gas. Since the 
volume of the gas varies inversely with the pressure, this statement may 
be varied thus : a given volume of liquid will always dissolve the same 
volume of a given gas, whatever the pressure. Thus, if a litre of water 
dissolve 100 c.c. of a gas at 760 mm., it wiU dissolve twice this quantity 
at 1520 mm. ; but 200 c.c. measured at 760 mm. will be 100 c.c. at 
1520 mm,, so that the htre of water will stiU dissolve only 100 c.c. at 
the higher pressure. 

Since the coefficient of solubility of a gas (p. 51) is the volume of the gas 
which unit volume of water will dissolve at 760 mm., it follows that the quantity 
of gas soluble m the same volume of water, at the same temperature, and at any 
other pressure, is found by multiplying the coefficient of solubility by the pressure 
divided by 760, In a mixture of gases the pressure of each gas is only a part of 
the whole, being the same fraction of the total pressure as the volume of the gas 
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is of the total volume. The method of calculating the solubility of the N and 0 
when air is shaken with water (p. 51) will now be easily understood, and, as a 
further example, the volume of CO„ which ico c.c. of water will dissolve from 
the air at 0° C. and 720 mm. may be calculated. Taking the percentage of CO, 
in the air at 0.035, its partial pressure, when the total pressure is 720 mm., will 

be 720 = 0 . 2 $ mm. The coefficient of solubility of CO„at 0° C. and 760 

100 

mm. is 1.8 ; therefore at 0.25 mm. and 0“ C. it will be 1.8 x This, therefore, 

760 

will be the volume of CO^ dissolved by i vol. of water under the conditions named ; 
when multiplied by 100, the value will express the number of c.c. dissolved by 
100 c.c. of water. 

It must be remarked that gases which are easily liquefied, and thus deviate 
from true gases, fail to obey with accuracy the law of solubility stated above. 

When the space above the solution of a gas contains the same gas as that 
which is dissolved, equilibrium is established when the same quantity of gas 
passes from the space into the liquid, and from the liquid into the space, in unit 
time. If the gas in this space be replaced by another, the dissolved gas will go 
on escaping from solution until its partial pressure in the space is the same as its 
pressure was when it alone filled the space. It will be obvious, therefore, that 
a few such replacements of the gas in the space should cause the liquid to part 
with practically all its dissolved gas. 

Solution . — In the case of most gases it is impossible to regard their 
solutions in water as mere physical mixtures. Reference has been already 
made to this difficulty and to the companion one concerning the solubility 
of solids (p. 47). Besides the thermal changes there mentioned, there are 
such facts as the constant boiling point of solutions containing gas and 
water in definite proportions — e.g., HCl.SHjO (p. 172), and the separa- 
tion of salts containing water of crystallisation, to compel the conclu- 
sion that in many cases the dissolved substance enters into combination 
with the solvent. 

It is a fact, however, that many dilute solutions behave as would be 
anticipated if - the dissolved substance were present in a condition 
independent of the solvent. Thus, it has been discovered that the mole- 
cules of a dissolved substance exert a pressure on the solvent identidal 
with the pressure which they would exert on the sides of a vessel, of the 
same volume as that of the solution, if they were in the gaseous state. 

This discovery has given rise to a “physical theory” of dilute solutions, 
which may be stated thus : The molecules of the dissolved substance 
pervade the solvent without being infiuenced thereby, and possess the 
same properties as they would possess did they alone, in the state of 
gas, occupy the volume filled by the solution. 

The pressure which a substance in solution exerts on the solvent is 
called the osmotic pressure of the solution, because it is only by taking 
advantage of the phenomenon of osmosis that it can be rendered 
apparent and directly measured. It has been already shown (pp- 
67, 122) that certain structureless substances (india-rubber, parchment 
paper, &c.) ■will allow of a much more rapid passage through them 
of some kinds of molecules than of other kinds. Sever^ such substances 
exist which allow water molecules to pass through them almost infinitely 
faster than they allow many other kinds of molecules to pass. When 
a membrane made of one of these substances is immersed in an aqueous 
solution, it -will generally happen that the water molecules will pass 
through the membrane very much faster than the molecules of the 
dissolved substance. This transition of molecules diSers from that 
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called diffusion, in that it appears to depend rather upon the spe^c 
nature of the membrane than upon its porosity (compare p. 22). The 
term osmosis is introduced to indicate this difference. 

The method employed for studying the pressure exerted by a dissolved 
substance on the solvent, can now be easily understood. A vessel is 
constructed of a material which allows of the osmosis of the solvent 
molecules, but not of the dissolved molecules. The solution whose 
osmotic pressure is to be studied, is introduced into this vessel, which is 
then immersed in a bath of the pure solvent. The solvent molecules 
will pass into the vessel and out of the vessel ; but since there are more 
of these molecules in unit volume outside the vessel than there are 
inside (on account of the presence of the dissolved molecules), more of 
the solvent will pass into the vessel in unit time than will pass out, 
and equilibrium will only be established when a certain pressure, com- 
pensating for this difference between the number of solvent molecules 
in unit volume, has been estabhshed inside the vessel. This pressure is 
termed the osmotic pressure of the solution, and is attributed to the 
dissolved molecules ; it can be measured by closing the vessel by an 
ordinary pressure gauge. 

In practice it is found necessary to support the “ osmotic membrane ” which is 
to form the walls of the vessel, by depositing it on the surface of a porous pot. 
The most successful method consists in depositing copper ferrocyanide (a material 
which behaves as an osmotic membrane to aqueous solutions) within the pores of 
a biscuit-porcelain battery cell ( 3 " x i") ; for this purpose the cell is filled with a 
solution of copper sulphate (3 per cent.) and immersed in a solution of potassium 
ferrocyanide (3 per cent.). The two solutions meet in the wall of the cell, and a 
continuous sheet of copper ferrocyanide is deposited therein. An inverted funnel 
is cemented in the mouth of the cell, and a U-shaped mercury gauge is sealed to 
the stem of the funnel. The cell is nearly filled with the aqueous solution whose 
osmotic pressure is to he measured, and is immersed in a bath of distilled water. 
The pressure of the air trapped between the gauge and the solution is measured 
by the variation in the height of the mercury in the gauge.* 

It is found that the same relationship exists between the osmotic 
pressure and the concentration of a solution as exists between the 
pressure and the concentration of a gas. That is to say, the osmotic 
pressure is directly proportional to the weight of dissolved substance 
in unit volume of the solution, just as the pressure of a gas is directly 
proportional to the weight of the gas in unit volume (Boyle’s law). 
Thus, a one per cent, sugar solution exerts an osmotic pressure equal to 
535 mm._ of mercury, whilst the osmotic pressure of a two per cent, 
solution is equal to 1070 mm., provided the temperature is the same in 
each case. , 

Again, the osmotic pressure of a solution varies directly as the 
absolute temperature (thei’mometric temperature -f 273) of the solution, 
just as the pressure of a gas varies directly with its absolute tempera- 
ture (Charles’ law). Thus the one per cent, solution of sugar shows an 
osmotic pressure of 544 mm. of mercury at 32° C., and of 512 mm. at 

14-15° (544 X -^^^^=512). 

T , 

It seems, then, that the variations which occur in the osmotic pi-essure 
of a dilute solution when the concentration of the solution is varied, 
are controlled by the same laws as those which govern the variations in 

♦ A description and drawing of the apparatus will be found in Jour. Chem, Soc, Trans 
1891, p. 344. 
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the pressure of a gas when the concentration of the gas is varied. But 
the analogy between the osmotic pressure and the gaseous pressure is 
still closer than this ; for it is found that the osmotic 'p'essure is identical 
with the gaseous pressure xchich the weight of dissolved substance woidd 
exert at the same temperature, if it were in the state of gas and occuined 
the volume filled by the solution. 

It is considered reasonable to deduce from this that the number of 
molecules of dissolved substance in a volume v of a solution, having an 
osmotic pressure p and a teniperature t, is the same as the number of 
molecules in a volume ?; of a gas at the pressure p and the temperature t. 

Thus, a I per cent, solution of cane sugar (C,„H2.0„) at o° C. exerts an osmotic 
pressure of 493 mm. Now the molecular weight corresponding with the formula 
OjoHjoO,, is 342, and, could the sugar be gasified, 342 grams of it would occupy 
22.32 litres at 0° C. and 760 mm. (p. 44) ; that is to say, 342 grams of gaseous 
sugar in a volume of 22.32 litres at 0° C. would exert a pressure of 760 mm. The 
concentration of 342 grams in 22.32 litres is the same as a concentration of 15.3 
grams in one litre ; therefore 15.3 grams of gaseous sugar in i litre at 0° 0. should 
exert a pressure of 760 mm. It follows that 10 grams in r litre at 0° 0 . should 
exert a pressure of 496 mm. This is practically identical with the osmotic pres; 
sure of a (i per cent.) sugar solution containing lo grams per litre. 

Gases at high concentration — ^that is, at high pressure — cease to obey 
the laws of Boyle and Charles. The same is true for solutions at high 
concentration. 

Since Avogadro’s law is deducible mathematically from those of Boyle 
and Charles, and since dilute solutions appear to be controlled by the 
last-named laws, it seemed probable that an Avogadro’s law should 
exist for dilute solutions. This was first pointed out by Van’t Hoff, 
whose law of osmotic pressure is thus stated : Equal volumes of different 
solutions, at the same temperature and osmotic pressure, contain equal 
numbers of molecules of dissolved substance. 

The similarity between this statement and that expressing Avogadro’s 
law (p. 270) will be at once evident. 

Solutions which exert equal osmotic pressure are said to be isotonic. 

Just as the relation between the weights of the molecules of two gases 
can be deduced from Avogadro’s law (p. 270), so can the relation between 
the weights of the molecules of two dissolved solids be deduced from 
Yan’t Hoff’s law. For it follows from this law, that when equal volumes 
of two solutions are isotonic, and at the same temperature, the weight 
of dissolved solid in the one is as much heavier than the weight of the 
dissolved solid in the other, as the molecular weight of the first solid is 
heavier than the molecular weight of the second {cf. footnote, p. 44), 

Determination of molecular xoeights of non-volatile substances. — The 
applicability of the measurement of osmotic pressure to the determina- 
tion of molecular weights will now be easily understood. A solution 
of the solid whose molecular weight is unknown may be diluted, or 
strengthened, until its osmotic pressure is identical with that of a solu- 
tion containing a kno'wn weight of a solid whose molecular weight is 
known. The ratio between the weights of the sohds in one litre of each 
solution is then the ratio between the molecular weights of the solids. 

JExample . — A solution of a substance of unknown molecular weight was diluted 
until its osmotic pressure was found to be identical with that of a solution of 
sugar in water (at the same temperature). The weight of solid in i litre of each 
solution was then determined ; that in the sugar solution was i gram ; that in 
the other solution was 1.5 gram. By Van’t Hoff’s law these weights must have 
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the same ratio to each other as have the molecular weights the substances. 
Let (G be the unknown mol. wt. ; the mol. wt. of sugar is 342, therefore : 

342 ; .'G : : I : i-S or x = 342 x 1.5. 

The measurement of osmotic pressure is neither easy nor capable of 
very great accuracy ; it is not, therefore, well adapted for the determina- 
tion of molecular weights. 

There are, however, other methods of determining whether solutions 
contain the same number of dissolved molecules in equal volumes, which, 
owing to the ease and accuracy of making the required measurements, 
are much adopted for checking, and even determining, the molecular 
weights of substances which cannot be volatilised, and are therefore 
excluded from the method depending on the determination of the vapour 
density of the substance (p. 270). 

The methods in question depend upon the influence which the mole- 
cules of the dissolved substance have on many of the physical properties 
of the solvent. Thus, the more numerous the dissolved molecules in a 
solution the lower will be its freezing point and its vapour pressure, so 
that a measurement of the temperature at which the solution freezes, 
or of the pressure exerted by its vapour, will serve as a measurement of 
the molecular concentration of the substance in solution. 

The method of determining molecular weights which depends upon 
the measux’ement of the freezing point of a solution is known as the 
cryoscopic method, or the method of depression of the freezing point, or 
BaouWs method, 

Eaoult discovered, empirically, that the freezing point of a solution is 
always lower than that of the solvent, and that the depression is directly 
proportional to the weight of substance in solution. Thus, if one gram 
of a solid in a litre of water lowers the freezing point by o’i°, two grams 
will lower it 0.2°. Collation of his results showed that when molecular 
quantities of different substances are dissolved in the same amount of a 
solvent^ they lower the freezing point of the solvent to the same extent. This 
may now be expressed by saying that isotonic solutions in the same solvent 
have the same freezing point. 

If Eaoult’s generalisation (italicised above) be true, there ivill be a 
certain constant (T) for every solvent, representing the amount of 
depression in the freezing point of that solvent caused by the presence 
of one gram-molecule of any substance in 100 grams of the solvent.- 
Thus, it is found that in the case of many salts, a solution of one gram- 
molecule of the salt in 1000 grams of water freezes at — 1.9° 0. ; con- 
sequently a solution of one gram-molecule in 100 grams of water should 
fx’eeze at — 19° C, and the constant, T, for water is 19. This value does 
not hold good for all classes of salts for a reason to be explained later. 

A little consideration will show that when T is known for a solvent,< 
it should be^ possible to determine the molecular weight of a substance 
by ascertaining the depression of the freezing point of a solution of the 
substance in that solvent. 

Suppose the constant T to have been ascertained for a solvent. This 
would be effected by determining what depression is caused in the freezing 
point of the solvent by dmsolving i gram-molecule of any substance of 
well-known molecular weight in 100 grams of it. Let it be desh’ed to de- 
termine the molecdar weight (M) of some other substance. One gram of 
the substance is dissolved in 100 grams of the solvent, and the freezing 
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point of the solution is determined ; suppose this to he h degrees lower 
than the freezing point of the pure solvent. Then, if one gram cause 
depression h, M grams (one gram-molecule) Avill cause depression 
but this depression is the value T, whence, M^ = T or M = T/y!:. Since 
T and h are known, M is thus determined. 

The depression caused by one gram in 100 grams of solvent is gener- 
ally' too small to measure, so a stronger solution, say P grams in 100 
grams of solvent, is used. If P grams cause depression h, one gram will 
cause depression Ar/P, and M grams will cause depression M^/P. There- 
fore Mk/F = T or M = TF / 7 c. 

■ The value of T for water is 19 for several classes of salts; for benzene 
it is 49 ; for glacial acetic acid it is 39. 

The method is conducted as follows : A known weight of the solvent is intro- 
duced into a long test tube, which has a side neck closed by a cork ; a cork in 
the month of the test tube carries a thermometer, graduated to 0.01°, and a 
stirrer. The test tube is passed through the cork of a wider test tube (to serve 
as an air jacket, which shall prevent too rapid a change of temperature), which 
is immersed in a bath, the temperature of which is several degrees below the 
freezing point of the solvent. The bulb of the thermometer being immersed in 
the solvent, the stirrer is continually agitated until the solvent begins to freeze, 
whereupon the temperature is noted. The tube is then withdrawn from the bath, 
the solvent allowed to melt, and the weighed quantity of substance added through 
the side neck. When this has dissolved, the freezing point of the solution is de- 
termined as before. Since superfusion of the solution is liable to occur it is 
sometimes necessary to add a crystal of a previously frozen solution (of the same 
strength) in order to induce solidification. 

Example. — The freezing point of 120 grams of benzene was found to be 6° 0 . 
6 grams of sulphur were dissolved in the benzene and the freezing point was 
again determined ; it was found to be 4.68° C. In this case 120 grams of benzene 
contained 6 grams of sulphur, so that P, the quantity present in 100 grams, is 

IS2. x6 = 5 grams, h =6-4.68 = 1.32. T for benzene = 49. Therefore M = 
120 

= 1S5.6. Thus the molecular weight of solid sulphur is 185.6, a number 

1. 32 

sufficiently close to 192 to warrant the conclusion that the molecule of solid 
sulphur is S^.* ' 

The lowering of the vapour pressure of a solvent by the presence of a 
substance in solution, is controlled by laws Avhich are wholly similar to 
those which apply to the lowering of the freezing point of a solvent by 
the presence of a dissolved substance. Since the vapour pressure varies 
with the temperature, it is necessary to add that the lowering is always 
the same fraction of the vapour pressure of the pure solvent, whatever 
the temperature. 

Inasmuch as the boiling point of a liquid is that temperature at 
which the pressure of its vapour is equal to the pressure of the atmo- 
sphere, the presence of a dissolved substance must raise the boiling point 
of a solution pari passu with lowering its vapour pressure. 

■ It must here be noted that there are many cases in which the mole- 
cular weight of a compound, determined by the osmotic pressure of a 
solution of it, or by the cryoscopic method, is only a fraction of the 
molecular weight which must be assigned to the substance on account 
of the other considerations which serve to settle molecular weights. A 
flagrant case is that of potassium chloride. The osmotic pressure of a 
dilute aqueous solution of this salt is nearly twice as great as it should 

• Recent determinations of the vapour pressure of OSo when sulphur is dissolved in 
it, sho'rr a value of Ss for the molecule of solid sulphur. 
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be if the molecular weight of the salt be 74.5 ; again, the depression of . 
the freezing point of a dilute solution is nearly twice as great as it 
should be if the molecular weight of the salt were 74.5. Both these 
facts indicate that potassium chloride, in solution, has a molecular weight 
about one hal f of 74.5, and yet a quantitative analysis of KCl shows 
that 74.5 parts by weight of it contain 35.5 parts by weight of chlorine, 
so that the salt cannot well have a smaller molecular weight than 74-5* 
This anomalous behaviour of KOI is shared by a large number of salts, 
acids and bases, all of which show a lower molecular weight when in 
solution than that which is generally attributed to them. 

This phenomenon is so analogous to that of the dissociation of a com- 
pound (e.y., ]>{H^C1, POI5) by heat, which causes the molecular weight 
determined by the vapour density to be lower than that inferred from 
other considerations, that these salts, acids and bases are supposed to 
have been more or less dissociated by the water which has dissolved 
them. Thus, potassium chloride — ^which gives an osmotic pressure nearly 
twice that which it should give if its molecule, in dilute solution, were 
represented by KCl — is supposed to be nearly completely dissociated 
into K and Cl ; so that there are twice as many ultimate particles in the 
solution as there would be if the dissociation did not occur — just as 
there are twice as many molecules, causing twice as great a pressure, 
in the vapour of POI5 above 300° 0. as there would be if no dissociation 
occurred. 

The realisation of the existence of osmotic pressure renders it possible 
to regard the process of dissolution of a solid as belonging to the same 
type of changes as that to which dissociation and evaporation have been 
assigned. When a salt is immersed in water particles of salt leave the 
mass and pervade the water, this process continuing until as many 
particles leave the mass of salt as attach themselves to it, in unit time. 
This equilibrium stage is the saturation of the water with the salt, and 
for every temperature there is an appropriate pressure — ^the osmotic 
pressure — at which equilibrium will occur, just as there is an appropriate 
vapour pressure for every temperature at which evaporation will cease. 

Electrolysis . — The theory that many molecules are dissociated by 
being dissolved, finds its chief support in a study of the phenomena 
Avhich accompany the conversion of chemical energy into electrical 
energy and vice versd. 

The chemical action which is most frequently employed to develop 
chemical energy for conversion into electrical energy, is that involved in 
the solution of zinc in an acid, generally dilute sulphuric acid. If a 
piece of commercial zinc be immersed in dilute sulphuric acid, it dis- 
solves, and a quantity, of heat is developed equivalent to the chemical 
energy of the dissolution of the zinc. If the zinc and acid be perfectly 
pure no action will occur ; but if a piece of platinum be immersed in the 
acid and be made to touch the zinc, whether beneath or above the 
surface of the acid, action will begin and heat will be developed ; the 
hydrogen will no longer appear to be evolved from the zinc, but will 
rise from the surface of the platinum. In the case of both the impure 
zinc and the zinc + platinum, the chemical energy has to a great extent 
jiassed through the stage of electrical energy before it has become heat 
energy.* 

“* The impure zinc contains foreign metals which, by contact with the zinc, enable the 
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If the platinum and zinc be connected Avith a wire outside the acid, 
the electrical energy will “ flow ” through the wire and may be utilised 
before it becomes converted into heat energy. 

When such a “galvanic cell ” is left to itself, the rapidity of the dissolution' of 
the zinc soon diminishes (and with it the intensity of the electrical energy) be-' 
cause the cell heaovaGS polarised ; this is chiefly due to the coating of the platinum 
plate with hydrogen so that it virtually becomes a plate of hydrogen, which is much' 
less effective than is platinum in aiding the dissolution of zinc by contact. It 
is for this reason that all cells which have any practical value contain an oxidising 
agent or dejpolariser {e.g., nitric acid in a Grove cell) around the platinum plate ; 
such an agent, by oxidising the hydrogen, will diminish the polarisation, and at' 
the same time will develop a greater amount of chemical energy, and therefore 
of electrical energy, in the ceU. ' • 

The total amount of electrical energy developed by a galvanic cell in unit time, 
will depend upon the amount of chemical energy occurring in the ceU in that 
time, and upon the nature of the plates which are used in the cell. The first of 
these conditions is measured (in the zinc cell) by the amount of zinc which dis- 
solves, and is therefore related to the size of the zinc plate.* The influence of 
the nature of the plates may be summed up by saying that the greater the anti- 
thesis between the plates, in respect of the ease with which they are attacked by 
exciting medium of the cell, the greater will be the total amount of electrical 
energy obtained from the cell. Thus, when dilute sulphuric acid is the exciting 
medium, the plates should consist of a metal which is, in a high degree, attack- 
able by this acid, and one which is highly resistant ; zinc and platinum are the 
metals, among those which are sufliciently cheap for use, which best fulfil these con- 
ditions ; zinc and copper are frequently used, but since copper has a greater ten- 
dency to dissolve in sulphuric acid than platinum has, this “ couple ” is not 
capable of giving so great a total of electrical energy as that yielded by a zinc- 
platinum couple. It will be obvious, however, that in the event of an exciting 
medium which has more action on platinum than on copper being used, the zinc- 
copper couple may transcend the zinc-platinum couple. 

Since it is a sine qud non that the plates used in a battery should be conductors 
of electricity, the non-metals with a few exceptions (the most notable of which 
is carbon) are put out of court for this purpose. 

It is necessary to add that the total amount of electrical energy is made up of 
■ two factors ; one of these is analogous to the factor expressed by the specific beat 
of the hot body, in heat energy, and is generally called intensity of cnurrent ; 
whilst the other is analogous to the temperature of heat energy and is generally 
called elecVromotive-Jorce or jrresstire. It is the second factor, the pressure, 
which varies with the nature of the plates. The first factor is dependent upon 
the amount of chemical action, just as the number of units of heat evolved in a 
chemical reaction is dependent upon the amount of chemical action. 

The Avord electrolysis is used to signify the decomposition of a com- 
pound by the passage through it, or its solution, of the electric current. 
Any compound Avhich can be thus decomposed is termed an electrolyte, 
and the portions into Avhich it is decomposed are termed ions. An 
electrolyte must be a compound, but all compounds are not electrolytes. 
Compounds may be classified Avith regard to their relation to the 
electric current into (i) conductors which are not electrolytes, (2) con- 
ductors Avhich are electrolytes, and (3) non-conductors. 

Electrolysis is effected by passing the current through the electrolyte, 
most conveniently from two plates, made of some conductor and called 
electrodes. The plate connected Avith the less attacked metal of the 

latter to dissolve, with generation of electrical energy, just as the platinum enables the 
pure zinc to dissolve. 

* If the zinc plate be badly amalgamated (p. 12) the impurities in it will develop 
minor electric currents, causing evolution of hydrogen “from the zinc,” and the amount 
of electrical energy thus developed Artll be unavailable for external use, and will be 
directly converted into heat. 
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battery {e.g. Pt) is regarded as the one by which the electric current 
enters the electrolyte, and is called the anode or the 2)Ositive electrode. 
The other plate, attached to the more attacked plate of the battery, is 
supposed to afford an exit for the current, and is called the cathode or 
the negative electrode. _ _ ' , 

The electrolyte is always split up into two chemically equivalent ions ; 
these are either liberated at the electrodes, or there enter into reaction 
with the electrolytic medium, as will be explained below. Ions which 
are liberated at the anode are anions, whilst those liberated at the 
cathode are cations. Since unlike electricities attract each other, and 
the anode is supposed to contain positive electricity, the anions are 
electro-negative elements or radicles; the cations are the electro-positive’ 
elements or radicles (p. 13). Attempts are made to catalogue the 
elements in the order of their decreasing electro-positiveness ; that is, in 
such an order, that if a compound of any two elements be submitted to 
electrolysis, the one which comes first in the list will behave as the 
cation. It is obvious that such an electrochemical list must differ 
according to the conditions of the electrolysis (such as whether the 
compound be present in an acid or an alkaline electrolytic medium, &c.). 

In nearly all cases, however, the metals precede the non-metals in these lists, 
and when the list is drawn up with reference to electrolysis in neutral or acid 
solution, the metals follow each other in the order of their affinity for oxygen. 
From what was stated with regard to the use of metals as battery plates, it 
will he obvious that that metal which has least affinity for oxygen, and is, 
therefore, least readily attacked by acids, will generally be best suited for the 
resistant plate in a cell. 

The ions of an electrolyte are either atoms or radicles ; thus, when an 
aqueous solution of HOI is electrolysed, the ions are H and 01 , these 
being chemically equivalent ; the H atoms move towards the cathode,' 
each carrying its charge of positive electricity, the 01 atoms move 
towards the anode, each carrying its negative charge. In the case of 
an aqueous solution of K^SO^, the ions are K, and SO^, these being 
chemically equivalent ; each K. atom carries one positive charge, whilst 
the SO^ radical carries two negative charges. When the ions reach 
the electrodes the charges are neutralised, and the ions either appear 
in the free state (when the atoms immediately combine to form mole- 
cules), or they react with the water or with the electrode ; in the latter 
, case the final products of the electrolysis will be the products of these 
reactions. In the case of hydrochloric acid electrolysed by carbon 
electrodes, molecules of hydrogen and chlorine will be evolved. In the 
case of potassium sulphate electrolysed with carbon or platinum elec-, 
trodes, the final products will be hydrogen at the cathode and - oxygen 
at the anode ; for the potassium atoms, so soon as they are discharged, 
at the cathode, react with the water in the well-known manner pro- 
ducing aKOH and H,, whilst the SO,, when it is discharged,, will react 
with the water, producing H,SO, and 0 . The 2KOH and H,SO, left 
in the water speedily neutralise each other, re-forming potassium sul- 
phate, the total quantity of which thus suffers no diminution during 
the electrolysis. 

It will now be realised that the electrolysis of water described on 
p. 12 is the electrolysis of dilute sulphuric acid. Water, so far as is 
known, is not an electrolyte ; when dilute sulj)huric acid is electrolysed. 
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hydrogen is liberated at the cathode and SO^ at the anode, where it at 
once reacts with the water to form H,SO^ and 0. 

When copper sulphate solution is electrolysed with platinum elec- 
trodes, the ions are Cu" and SO^. The copper is deposited on the 
cathode and oxygen is evolved at the anode, owing to the reaction 
between discharged SO^ and water. If the anode be made of some 
material which is more easily attacked by SO^ than is water, this will 
react with the SO^. Thus, a copper anode will be dissolved by com- 
bining with the SO;, and the quantity of copper which will pass into 
solution will be exactly equal to that deposited on the cathode ; this 
fact is applied in the process of electro-plating {see Silver,) 

Faraday’s law of elect/rolysis states that the same intensity of electric 
current will liberate all ions in the proportion of their chemical equiva- 
lents. For example, if the same current of electricity be passed 
through electrolytic cells containing sulphuric acid and silver nitrate 
respectively, there will be io8 grams of silver deposited on the cathode 
of the one cell for every r gram of hydrogen hberated at the cathode 
of the other cell, these quantities of silver and hydrogen being chemic- 
ally equivalent. So also there will be 48 grams of SO^ discharged at the 
anode of the one cell, and 62 grams of NO3 at the anode of the other 
cell. 

Since some elements have two chemical equivalents, ions composed 
of them will have two electro-chemical equivalents. Thus, copper in 
cupric chloride has an electro-chemical equivalent of ,31.5, this propor- 
tion being deposited for every i part of hydrogen evolved in a sulphuric 
acid cell ; but copper in cuprous chloride has an electro-chemical equiva- 
lent of 63. 

The converse of Faraday’s law is, of course, equally true; that is to 
say, the chemical change of chemically equivalent quantities of ions 
gives rise to the same intensity of electric current. Thus, in a galvanic 
cell the same intensity of current will be generated, whether 32.5 parts 
of zinc or 28 parts of iron be dissolved in acid. 

The best electrolytes are aqueous solutions of powerful acids and 
bases, and of salts. Feeble acids are poor electrolytes. Fused salts are 
generally electrolytes. It is necessary to refer to the question as to 
what constitutes an electrolyte. 

It is generally stated that the transmission of the electrical energy 
commonly called the electric current can take place in two ways, either 
along matter or with matter. The first method of transference occurs 
when electricity is conducted by a metal ; substances which are able to 
effect such a transference are called conductors of the fii’st class. The 
second method is that which obtains in electrolytes, which are called 
conductors of the second class. 

•These facbs were early recognised, but it was at first thought that 
the electricity obtained the matter with which it was to move in the 
electrolyte by tearing asunder the molecules. This, however, would be 
inconsistent with the fact that even the smallest electrical pressure will 
exert some electrolysis. It has only recently been realised that the 
molecules in an electrolyte must be regarded as being already ionised, 
nearly completely in dilute solutions, and to a certain extent in all 
electrolytes. The free ions exist in the electrolytic medium, each bear- 
ing its charge of electricity. It is this charge that prevents the ion 
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from behaving cbemically like the free element or radicle, and it is only 
when the ion has been conducted to the electrode by the electric current, 
and is discharged, that it exhibits the chemical properties expected of the 
free element or radicle. 

That this "vdew of the constitution of an electrolyte is correct is 
evidenced by the facts concerning the conductivity of saline solutions. 
If the passage of an electric current through an electrolyte depends 
upon the presence of ions, a saline solution should offer a lower resist- 
ance to this passage the more perfect the ionisation of the dissolved 
salt. Hence the conductivity of a dilute solution, in which ionisation 
is more perfect, should be proportionally better tban that of one which 
is stronger, and therefore less ionised. This is found to be the case ; as 
the dilution of a saline solution is increased the conductivity tends to 
become constant, the more perfect ionisation compensating for the 
smaller number of ultimate particles in unit volume. 

Judging by conductivity, ionisation appears to be practically complete when 
one gram-equivalent of a salt is dissolved in 1000 litres of water ; the degree 
of ionisation at any other dilution is equal to the ratio of the molecular conduc- 
tivity (the conductivity calculated, from the observed value, for a solution con- 
taining I gram-molecule per litre) at this dilution to the molecular conductivity 
at a dilution of 1000 litres. This statement only applies to good electrolytes ; 
poor electrolytes do not reach a constant conductivity at any dilution at which 
it is practicable to make the necessary measurements. 

The degree of ionisation may also be calculated from measurements of osmotic 
pressure, for this is proportional to the ionisation. If N be the number of ulti- 
mate particles present when the osmotic pressure is P, and N-^ the number when 
it is PS then P ; P^ = N : N^. The number of ultimate particles present at any 
degree of ionisation depends on the nature of the dissolved substance : for this 
may split up into n ions ; in the case of = 3 ; in the case of KjFeCys,w= 5. 

If ionisation were complete the original number of molecules, N, would become 
nN. Let x be the fraction of the total number of molecules ionised, then i - £c will 
be the fraction left unionised. The total number of unionised molecules will be 
N(i -x), and N® will be ionised. But N x molecules become JiN® ions, so that the 
total number of ultimate particles in the ionised solution will be N(i -®)-)-mN®, 
and this is the value of N^ in the above equation. Therefore P : P^=N : N(i - a;) + 
pi _ p 

iiN®. Whence x = 

P(a-i) 

It is supposed that those solutions which are not electrolytes contain 
no ionised molecules; thus, sugar, a solution of which is not an 
electrolyte, does not suffer ionisation when dissolved. 

The solutions of all substances which are electrolytes show abnormal 
osmotic pressures, abnormal depressions of the freezing point, etc. ; this 
supports the theory that many salts, acids and bases are dissociated 
when they ^e dissolved. It must be remembered, however, that the 
dissociation is always into ions, and not necessarily of the same character 
as the dissociation effected by heat. 

From what has been said above on the physical theory of solution and the 
evidence in support of it, it will be seen that a solvent has an effect upon a 
soluble substance which may be well compared with the effect of heat on a 
volatile substance. J ust as there are many substances which resist in a high 
degree the disgregating action of heat, so there are many which resist that of 
solvents. Equally noteworthy is the similarity which exists between the influence 
of solvents and of heat on chemical change ; reactions occur between substances 
in solution which have no tendency to take place between the solid substances 
however finely these may be divided, and however intimately they may be mixed * 
so also, reactions occur at an elevated temperature which are impossible at low 
temperatures. It is also worth while to call attention to the fact that the presence 
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of the best solvent, water, will enable a smaller stress to convert the potential 
energy of a mixture into the kinetic energyrepresentedby the combination of its 
constituents, than would otherwise be the case ; thus, as has been already stated, 
a mixture of carbon monoxide and oxygen requires a far greater stress in the 
form of high-pressure heat (high temperature) to start combination, when it is 
perfectly dry than when moisture is present. JVIany cases have been quoted in 
which the presence of water enables a chemical change to be brought about by 
heat of moderate temperature — e.17., the combustion of carbon (p. 29) ; there is not 
sufficient evidence to show whether or not the stress of a much higher tempera- , 
ture will render these changes, also, independent of moisture. 

There are, however, many changes, which are capable of occurring at the 
ordinary temperature, that are dependent on the presence of water. It is also a 
fact that many substances which are excellent electrolytes when dissolved in 
water, have an almost infinite electrical resistance when anhydrous ; in other 
words, these substances require the presence of water in order that they may 
become partially ionised. On the basis of this latter observation it has been 
suggested that an electrolytic medium, that is, one which will enable ionisation 
to occur, is essential for chemical change ; on this hypothesis the fact that an- 
hydrous HCl will not attack calcium oxide, would be explained by stating that it 
is only the ions of HOI which can enter into reaction with CaO. A very little 
water should suffice for the reaction, since when the first formed ions have been 
removed by reaction with the CaO, further ionisation could occur. The dis- 
covery of some other third substance which shall have a similar influence to that 
of water is the present business of the chemist.* 

As a final word on this subject, attention must be called to the fact that high 
heat pressure and high electrical pressure are not alone in inducing chemical 
change ; it has been shown that high mechanical pressure is in many cases effec- 
tive (such as in decomposing moist silver chloride), and the influence of another 
form of energy, the shorter wave lengths of light, in inducing the numerous 
changes on wflch the art of photography depends, is well known. 

Spectroscopy . — Heated solids have their molecules vibrating in so 
many phases that they give rise to waves in the luminiferous ether 
which are of every possible wave length ; consequently a heated solid 
gives a continuous spectrum in which the red is more prominent at 
lower temperatures. Heated gases, on the other hand, have their 
molecules vibrating in such a way that they give out waves of com- 
paratively few wave lengths. 

By passing the light emitted from a hot gas through a prism the 
wave lengths are separated and take up their proper positions in the 
spectrum — i.e., somewhere in the violet, indigo, blue, green, yellow, 
orange, or red — in accordance with the length of the wave between the 
limits 766 millionths of a millimetre for red, and 396 millionths of a 
millimetre for violet. Of all the wave lengths from a given gas a few 
vdll be more visible than the rest ; so that there are characteristic lines 
in the spectrum for the gas of each element. Thus, heated sodium 
vapour gives rise to two very prominent wave lengths (589.5 and 588.9 
millionths of a millimetre) which give the sensation of yellow light. 

When the white light emanating from an ordinary flame is allowed 
to pass through the narrow slit, or collimator, of a spectroscope (fig. 2 14 1 )) 

* A tendency to return to the old view that chemical energy is to be regarded as due 
to a difference of electrical potential between elements, seems at present prevalent, and 
it must be admitted that support for such a view is derived from the recent observations 
of Baker, who shows that when electrodes, carrying high pressure electricity, are 
introduced into a mixture of hydrogen and oxygen, sufficiently dry to hinder combination, 
the gas around the “ positive ” electrode is richer in oxygen than that around the opposite 
electrode. 

f This form of instrument has been found to be well suited to the general work 
required of a spectroscope in a chemical laboratory. Either one or two prisms can be 
used, and the central table is arranged so as to take the levelling screws of a reflection 
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and is transmitted througli a prism of flint glass, a continuous spectrum 
composed of overlapping images .of the slit in all the colours which make 
up white light mil be perceived through the telescope ; but if a Bunsen 
flame be employed, a single image will be seen, forming a bright yellow 
line in the place where the brightest yellow was seen in the continuous 
spectrum; this line is due to the presence of a little sodium in the 
flame, from the dust in the air, and it becomes very intense if a little 
sodium chloride be held in the flame on a loop of platinum wire. By 
comparing the spectra of the flames containing vapours of the metals 
with a map of the wave lengths in the solar spectrum (fig. 213), the 
exact position of the various colours may be noted, and thus, if several 
■ metals are present in the same flame, they may still be distinguished by 
the colours and positions of their bright lines. Thus, if a mixture of 
the chlorides of potassium, sodium, and lithium be taken upon a loop of 
platinum wire and held in the flame, the dull red line of potassium (K, 

Violee. Indigo, iBlue. Green. Yellnw. Orange. B.cdj. 



Spectrum furnished by solar light decomposed by a prism. 
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Fig. 213. 


fig* 213) is seen close to one end of the spectrum; at some distance 
from it the bright red band (L) of lithium ; at about the same distance 
from this, the pale yellow lithium line; and close to this the bright 
yellow sodium lines (Na) ; whilst near the other end of the spectrum is 
the feeble violet line of pota,ssium (^). The chlorides of the metals are 
most suitable for this experiment on account of their volatility. Since 
a very little vapour (for instance, y oo^u 00 bo detected by its 

characteristic wave lengths, the use of the spectroscope furnishes an 
extremely delicate test for many elements. 

The character of the spectrum of a gas differs with the temperature 
and jjre^sure. Increased temperature increases its complexity, the 
bright lines becoming more numerous and broader. The same effect 
is produced by increased pressure, which probably increases the 
. collisions between the molecules and thus gives rise to a larger number 

grating. The instrument is well adapted for determination of refractive indices and 

Hicr»or»5ir-r» nATTArc auu 




304 


ABSORPTION SPECTRA. 


of phases of vibration. Thus, Hj + 0 fired in a closed space gives a 
continuous spectrum. 

When the vapour whose spectrum is to be examined is heated by 
contact with a flame (as in the method for obtaining the spectra of 
metallic vapours described above), chemical reactions will frequently 
render the spectrum different from that observed by volatilising the 
substance and heating the vapour by electric sparks (spark spectrum). 
Thus, when cupric chloride is introduced into the Bunsen flame, the 
reducing action of the gases causes the spectrum to contain a blue line 
due to cuprous chloride, a green line due to cuprous oxide, and a red 
line due to copper, together with the other, fainter lines characteristic 
of these vapours. 

A gas will absorb those wave lengths from the spectrum which it will 
itself emit when heated. Thus, if white light be passed through sodium 
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vapour and then through a pristo, black lines in the position of wave 
lengths* 589.5 and. 588.9 milliontlis''of ^ millimetre will appear in the 
spectrum. The 'black lines in the' solar spectrum are presumed to be 
due to the, 'light passing' through' gaseous elements surrounding the sun. 
ISTearly all 'Ahe-fdaJ’k lines of the solar' spectrum have been traced to 
elements whicE.>re;te'rrestrial, such as' Be, Na, IC, Ca, &c. ; but certain 
lines cannot be aShounted for by- ’any known element, notably a line 
near the sodium Hne, supposed to be due to an element helium. 

Such absorption spectra are also exhibited by some solutions, 
such as solutions of didymium salts, of blood and of many dyes. 
Analytical use may be made of these for identifying the substance in 
solution. 
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Another method for obtaining a characteristic spectrum is to expose 
the substance in a vacuous glass bulb (fig. 215)' to a high pressure 
electrical discharge (from an induction 
coil) delivered from two platinum elec- 
trodes, attached to wires of the same 
metal sealed through the glass. Many 
substances phosphoresce under this 

treatment, and when the light thus pjg. ^.^^Eadiant matter bulb, 
emitted is viewed through a spectro- 
scope it exhibits bright bands which serve to identify the substance. ^ A 
pump capable of creating, in a very short time, a sufidciently high 
vacuum for the observation of such phosphorescence is shown in fig. 216. 




Fig. 216. — Air-pump, 



CHEMISTRY OF THE METALS. 


i8o. The definition of a metal has already been given at page 34, as 
an element capahle of forming a base by union with oxygen. It will also 
be noticed that the metals are but little disposed to form combinations 
with hydrogen j but that they evince very powerful attraction for the 
chlorine group of elements, with which they form, as a rule, compounds 
which dissolve, without apparent decomposition, in water. 

With a few exceptions the metals will be considered in the same 
order as they occur in the families of the periodic grouping of the 
elements, to the table of which the reader must refer for a true classifi- 
cation of the metals. 


POTASSIUM. 

K' = 39.i parts by weight. 

181. Potassium is found in abundance, as potassium chloride, in 
certain salt-mines (see below), and it is contained in granite, of which 
it forms about 5 or 6 per cent. The indispensable alkali, potash, 
appears to have been originally derived from the granitic rocks, where 
it exists, in combination with silica and alumina, in the well-known 
minerals felspar and rniia. These rocks having, in course of time, 
disintegrated to form soils for the support of plants, the potash has 
been converted into a soluble state, and has passed into the plants as a 
necessary portion of their food. 

In the plant, the potash is found to have entered into various forms 
of combination; thus, most plants contam sulphate and chloride of 
potassium ; but the greater portion of the potassium exists in the form 
of salts of certain vegetable acids formed in the plant, and when the 
latter is burnt, these salts are decomposed by the heat, leaving the 
potassium in the form of carbonate. 

Potassium carbonate, or carbonate of potash, K^COj. — ^When the ashes 
of plants are treated with water, the salts of potassium are dissolved, 
those of calcium and magnesium being left. On separating the 
aqueous solution and evaporating it to a certain point, a great deal of 
the potassium sulphate, being much less soluble, is deposited, and the 
carbonate remains in the solution ; this is evaporated to dryness, when 
the carbonate is left, mixed with much potassium chloride, and some 
sulphate ; this mixture constitutes the substances imported from America 
and other countries where wood (containing about 0.5 per cent, of 
KjO) is abundant, under the name of potashes, which are much in 
demand for the manufacture of soap and glass. When further purified, 
these are sold under the name of pearlash, but this is still far from being 
pure potassium carbonate. 
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During the fermentation of the grape-juice, in the prepara,tion of 
wine, a hard crystalline substance is deposited, which is known in com- 
merce by the name of argol, or, when purified, as cream of tartar. The 
chemical name of this salt is bitartrate of potash or hydropotassium 
tartrate, for it is derived from potash and tartaric acid, a vegetable acid 
having the composition H204H^06. When this salt (KHO^H^Oj) is 
heated, it leaves potassium carbonate mixed with carbon; but if the 
heat be continued, and free access of air permitted, the carbon will be 
entirely burnt away, and potassium carbonate will be left {salt of tartar.) 

In wine-producing countries potassium carbonate is prepared from the refuse 
yeast which rises during the fermentation, and is dried in the sun in order to be 
subsequently incinerated. 

The fleeces of sheep contain a considerable proportion of a salt of^ potassium 
with an animal acid ; when the fleece is washed with water, this salt is dissolved 
out, and on evaporating the liquid and burning the residue this is converted into 
potassium carbonate. 

Potassium carbonate is also made from potassium sulphate by a process similar 
to that by which sodium sulphate is converted into carbonate (see AViali Manv^ 
facture). Potassium chloride is converted into potassium carbonate by decom- 
posing it with the carbonate of trimethylamine (see Trimethylamine). 

Potassium carbonate is deliquescent and soluble in its own weight of 
cold water, yielding a strongly alkaline solution. It may be crystallised 
in^prisms of the formula 2K2OO3.3H2O, which become KjCOj.HjO at 
iQo” C. It is insoluble in alcohol. It melts at 830“ 0 . 

Bicarbonate of potash, or hydropotassium carbonate, KHOO3, often 
sold as the carbonate and used in medicine, is made by saturating moist 
KjOOj with COj, or by passing CO, through a strong solution of K3CO3 
(in three parts of water). It forms prismatic crystals which are much 
less alkaline and less soluble in water {30.4 per cent, at 15° C.) than is 
the normal carbonate, into which they are converted by heat ; zKHCOg = 
K^CO^-l-HjO-l-OO,. The aqueous solution of KHCO3 gradually loses 
CO, when boiled. 

Caustic potash, or potassium hydroxide, KOH. — Potassium carbonate 
was formerly called potash, and was supposed to be an elementary sub- 
stance. It was known that its alkaline qualities were rendered far more 
powerful by treating it with lime, which caused it to be termed mild 
alkali, in order to distinguish it from the caustic alkali obtained by means 
of lime, and possessed of very powerful corrosive properties. 

The caustic potash, so largely employed by the soap-maker, is obtained 
by adding slaked lime (Ca(0H)2) to a boiling solution of the potassium 
carbonate, in not less than 1 2 parts of water, when calcium carbonate is 
deposited at the bottom of the vessel, whilst potassium hydrate remains 
in the clear solution; K2C03-J-Ca(0H), = CaC03-f 2KOH. 

If the solution be too strong, the lime will not decompose the carbon- 
ate, for the reaction is reversible (p. 283). 

When the solution is evaporated, the potassium hydroxide remains as 
a clear oily liquid, which solidifies to a white mass as it cools, and forms 
the fused potash of commerce, which is often cast into cylindrical sticks 
for more convenient use.* Potassium hydroxide is vapourised at high 
temperatures without decomposition. It readily absorbs water and 00 
from the air. Half its weight of water suffices to dissolve it, with great 

* These have sometimes a greenish colour, due to the presence of some potassium 
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evolution of heat. A strong solution deposits crystals of KOBLzAq. 
Alcohol dissolves it easily. In the laboratory, KOBE is prepared by 
dissolving i lb. (or 500 grms.) of.KjCOg in a gallon (or 5 litres) of 
distilled water, boiling the solution in a clean iron or nickel pan, and 
gradually stirring in 12 oz. (or 380 grms.) of slaked lime mixed with 
water to a thin cream. After boiling and stirring for ten minutes, 
the vessel is covered and allowed to cool, when the CaCOg will have 
subsided, and the clear liquid may be drawn off with a siphon, and 
boiled down in an iron or nickel or silver basin till all ebullition ceases, 
and an oily liquid remains which solidifies on cooling. The potassium 
hydroxide is the most powerful alkaline substance in ordinary use, 
and is very frequently employed by the chemist. It is generally used 
in the state of solution, the strength of which is inferred from its 
specific gravity, which increases with the amount of potash contained in 
the solution. 

Potassium . — Of the composition of potassium hydroxide nothing was 
known till the year 1807, when Davy succeeded in decomposing it by 
the galvanic battery ; this experiment, which deserves particular notice 
as being the first of a series resulting in the discovery of so many 

important metals, was made 
in the following manner : A 
fragment of potassium hy- 
droxide, which, in its dry 
state, does not conduct elec- 
tricity, was allowed to 
become slightly ihoist by 
exposure to the air, and 
placed upon a plate of 
platinum attached to the 
copper end of a very power- 
ful galvanic battery ; when 
■ the wire connected with the 
zinc end was made to touch 
the surface of the hydrate, 
some small metallic globules 
resembling mercury • made 
their appearance at the ex- 
tremity of this (negative) 
wire, at which the hydrogen 
Fig. 217. — Freparation of potassium. contained in the hydrate 

was also eliminated, whilst 
bubbles of oxygen were separated on the surface of the platinum 
plate connected with the positive wire (see p. 299). By allowing the 
negative wire to dip into a little mercury contained in a cavity at 
the surface of the potash, a combination of potassium with mercury 
was obtained, and the mercury Avas afterwards separated by dis- 
tillation. This process, however, furnished the metal in very small 
quantities, and, though it Avas obtained Avith greater facility a year or 
two afterwards by decomposing potassium hydroxide with white-hot 
iron, some years elapsed before any considerable quantity of potassium , 
was prepared by the present method of distilling in an kon retort an 
intimate mixture of potassium carbonate and carbon, obtained by 
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calcining cream of tartar ; in this process the oxygen of the carbonate 
is removed by the carbon in the form of carbonic oxide (K^OOg + 0, = 
K, + 3C0). 

Fig. 217 represents the iron retort connected with its copper receiver, sur- 
rounded with cold water, and containing petroleum to protect the distilled 
potassium from oxidation. The lateral tube of the receiver permits the tube of 
the retort to be cleared, if necessary, during the distillation, by the passage of an 
iron rod. 

The metal thus prepared requires re-distiUation in order to decompose the 
explosive compound of potassium with carbon monoxide (ILCnOo) which it always 
contains. 

Some of the most striking properties of this metal have already been 
referred to (p. 16); its softness, causing it to be easily cut like wax, 
the I’apidity with which its silvery surface tarnishes when exposed to 
the air, its great lightness (sp. gr. 0.865), causing it to float upon 
water, and its taking fire when in contact with that liquid, sufficiently 
distinguish it from other metals. It fuses at 62°. 5 0 . and boils at a 
low red heat (667° 0.), yielding a green vapour; if air be present, it 
burns with a violet-coloured flame, the oxide K2O4 being the chief pro- 
duct. In djry air or oxygen the metal may be distilled unchanged. 

The property of burning with this peculiar violet-coloured flame is 
characteristic of potassium, and allows it to be recognised in its com- 
pounds. 



If a solution of potassium nitrate (saltpetre) in water be mixed with enough 
spirit of wine to allow of its being inflamed, the flame will have a peculiar lilac 
colour. This colour may also be developed by exposing a very minute particle of 
saltpetre, taken on the end of a heated platinum wire, to the reducing (inner) 
blowpipe flame (fig. 218), when the potassium, being reduced bo the metallic 
state and passing into the oxidising (outer) flame in the state of vapour, imparts 
to that flame a lilac tinge. 

The difficulty and expense attending the preparation of potassium 
have prevented its receiving any application except in purely chemical 
operations, where its attraction for oxygen, chlorine, and other electro- 
negative elements is often turned to account. 

Potassium hydride, KjH, is formed when potassium is heated in hydrogen to 
about 350 C. It forms a -silvery brittle mass, which takes fire in air and is 
dissociated in a vacuum at 200° C. 

Oxides of Potassium. — IC^O is alleged to be formed when K is heated with KOH, 

■ n expeUed, but the evidence as to the existence of this oxide is very poor. 
Potassium tetroxide, K^O^, is the yellow powder obtained when the metal is heated 
in air or oxygen. It is decomposed by water yielding the dioxide, J£, 0 .„ and 
evolving O. By heating potassium in a limited supply of nitrous oxide, the 
irioxide, is formed as a buff powder. 
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Potassium chloride (KCl) is an important natural source of this metal, 
being extracted from sea water, from kelp (the ash of sea-weed),- and 
from the refuse of the manufacture of sugar from beetroot. It also 
occurs in combination with magnesium chloride, forming the mineral 
known as carnallite (KOl.MgOl2.6HjO), an immense saline deposit over- 
lying the rock-salt in the salt-mines of Stassfurt, in Saxony. OarnalUte 
resembles rock-salt in appearance, but is very deliquescent. It yields 
a magma of KOI crystals when treated wnth water ; this is re-crystal- 
lised. Potassium chloride crystallises in anhydrous cubes ; it is very 
soluble in water and insoluble in alcohol ; it melts at 734° 0. 

Potassium chlorate, KOIO3, is prepared as described at page 179. It 
crystallises in four-sided tables, which dissolve in 1 6 parts of cold and 
2 parts of boiling water. It fuses at 360° 0 ., and is decomposed at 400°, 
when it gives ofi' oxygen, and leaves, at first, a mixture of chloride and 
perchlorate, and lastly chloride only ; 2KOIO3 = KOIO^ 4- KOI + O,. Its 
action on combustible bodies and consequent useful applications have 
been described at page 180, ' 

Potassium perchlorate, KCIO^, is remarkable for its sparing solubility, for it 
requires 70 parts of cold water to dissolve it. It is prepared by heating KCIO, 
until 12 grammes have evolved a litre of oxygen, as shown in the above equation; 
the mass is boiled with just enough water to dissolve it, and the solution, on 
cooling, deposits crystals of KCIO4, leaving the KCl in solution. The perchlorate 
is decomposed above 400° C. into KCl and O^. 

Potassium bromide, KBr (m. p. 699“ C.), forms cubical crystals very soluble in 
water. 

Potassium iodide, KI, is prepared by adding iodine in small quan- 
tities to solution of potash till it is coloured slightly brown, when a 
mixture of potassium iodide and iodate is obtained; 6K0H-1-Ij= 
KIO3 4- 5KI 4- sHjO. The solution is evaporated to dryness, the residue 
mixed with one-tenth of its weight of powdered charcoal, thrown in 
small quantities into a red-hot iron crucible, and fused; Kl03 4-03 = 
KI 4- 3CO. The fused mass is dissolved in hot water, filtered, evapor- 
ated till a film appears upon the surface, and set aside to crystallise. 
It is also made by digesting iron filings with iodine and water, and" 
decomposing the solution of ferrous iodide, which is formed, with potas- 
sium carbonate. 

Potassium iodide forms cubical crystals very soluble in water, but 
sparingly soluble in alcohol. It is of the greatest importance in 
medicine, in chemical analysis, and in photography. It melts at 
^ 34 ° 0 . 

Potassium tri-iodide, KI,, obtained by saturating potassium iodide with iodine 
and evaporating over sulphuric acid, forms dark brown needles with a metallic 
lustre, very deliquescent, and easily decomposed into KI and L. 

Potassium iodate, KIO3, is useful in testing for SOj, and may be prepared for 
that purpose by mixing 50 grains of iodine with an equal weight of potassium 
chlorate in fine powder, adding, in a flask, about half a measured ounce of nitric 
acid, and digesting till the colour disappears. The liquid is then boiled for a 
minute, poured into a dish, evaporated to dryness, and moderately heated, when 
it leaves a mixture of potassium iodate and a little potassium chloride which 
may be dissolved in water. SOo at once liberates iodine from it, which gives a 
blue colour to starch. 

Potassium fluoride, KF (m. p. 789° C. ) is prepared by neutralising HF with 
KjCOj. Crystallised by slow evaporation of a cold solution, it gives KF.2H2O, 
but above 35° C. it yields cubes of KF. It is deliquescent and easily soluble ; the 
solution corrodes glass. It combines with HF, forming KF. FH, which is employed 
, for the preparation of pure HF. 


t 
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Sidpliides of potassiunh Ko®* IIjS,. _ _ 

Potassium sulphide, ILS, is obtained as a red crystalline mass by beating £2804 m 
hydrogen. It exists in the residue left by the explosion of gunpowder. Water 
decomposes it, so that it smells of ILS when exposed to moist air. Solution of 
K,S is prepared by saturating solution of KOBE with HoS, and adding another 
equal quantity of KOH. In the first operation KSH is formed, which is con- 
verted into KjS on adding KOH. From the solution, crystals of KjS.SiLO 
may be obtained. 

Potassium hydrosidphide, KSH, may -be formed by displacing ball the H in 
by K, or by heating to redness in H„S ; K2C03 + 2H„S = 2KSH + H„0 + C 0 „. 

It is a yellow solid, very soluble in water, and crystallising as 2KSH.H„0. When 
exposed to air, the solution becomes yellow, from the formation of potassium 
disulphide; 2KSH + 0^K2S„+H„0. On longer exposure, the solution becomes 
colourless, potassium thiosulphate being formed ; lCS2+03=K2S203. 

Potassium sulphate, El^SO^, is found in certain salt-mines, in the 
mineral hainit, KjSO^.MgSO^.MgOlj.dAq. This is decomposed by boil- 
ing water, and the K^SO^ crystallises, on cooling, in rhombic prisms 
which are rather sparingly soluble in cold water (lo parts), but easily 
in boiling water (4 parts). It is also obtained as a by-product in sopae 
chemical manufactures, and is used in making alum. Kainit is largely 
used as an artificial manme. 

Bisulphate of potash, or hydrogen-potassium sulphate, KHSO^, is 
obtained as the residue in the preparation of nitric acid from salt- 
petre. It is more fusible and more soluble in water than the normal 
sulphate is. Its solution is strongly acid; Mucb water decomposes it 
into sulphuric acid and KgSO^. When heated, it undergoes decom- 
position in two stages; (i) aKBLSO^ = HjO -t- K^S^O, {pyrosulphate 
or anhydmo-sulphate) (2) KjSgO; = KjSO^ -f SO3. 

The bisulphate is very useful in chemical operations for decomposing 
TDanetals at bigln tempesatvvces, its b-ydrogen easily giving place to 
metals. 

Potassium nitrate (ELNO3), saltpetre, will be specially considered in 
the section on gunpowder. It is found in the soil of India and other 
hot climates in the dry season, and is also made by decomposing sodium 
nitrate with potassium chloride. It forms characteristic six-sided pris- 
matic crystals which fuse at 339° C., and are decomposed at a strong 
red heat, leaving, first, potassium nitrite, KNO,, and at last K^O mixed 
•with KjOj. The fused salt attacks aU oxidisabfe bodies, and the potas- 
sium oxide attacks siliceous bodies, so that it is difficult to fi.nd a vessel 
capable of resisting it at a high temperature. Platinum gives way, 
but gold is less corroded. Nitre is soluble in 4 times its weight of cold 
water and in ^ of its weight of hot water. It is insoluble in alcohol. 


SODIUM. 

Na'=23 parts by weight. 

182. Sodium is often found, in place of potassium, in the felspars and 
other minerals, but we are far more abundantly supplied with it in the 
form of common salt (sodium chloride, NaCl), occurring not only in the 
solid state, but dissolved in sea, water, and in smaller quantity in the 
waters derived from most lakes, rivers, and springs. 

Pock-salt forms very considerable deposits in many regions ; in this 
country the most important is situated at Northwich, in Cheshire, where 
very large quantities are extracted by mining. Wielitzka, in Poland, is 
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celebrated for an extensive salt-mine, in which there are a chapel and 
dwelling-rooms, the furniture of which is made of this rock. Extensive 
beds of rock-salt also occur in France, Germany, Hungary, Spain, Abys- 
sinia, and Mexico. Perfectly pure specimens form beautiful colourless 
cubes, and are styled sal gemme; but ordinary rock-salt is only partially 
transparent, and exhibits a rusty colour, due to the presence of iron. In 
some places the salt is extracted by boring a hole into the rock and filHng 
it with water, which is pumped up when saturated with salt, and evapo- 
rated in bohers, the minute crystals of salt being removed as they are 
deposited. 

At Droitwich, in Worcestershire, the salt is obtained by evaporation 
from the waters of certain salt springs. In some parts of France and 
Germany the water from the salt springs contains so little salt that it 
would not pay for the fuel necessary to evaporate the water, and a very 
ingenious plan is adopted by which the proportion of water is greatly 
reduced without the application of artificial heat. For this purpose a 
lofty scafiblding is erected and filled with bundles of brushwood, over 
which the salt water is allowed to flow, having been raised to the top 
of the scaffolding by pumps. In trickling over the brushwood this water 
exposes a large surface to the action of the wind, and a considerable 
evaporation takes place, so that a much stronger brine is collected in 
the reservoir beneath the scaffolding; by several repetitions of the opera- 
tion, the proportion of water is so far diminished that the rest may be 
economically evaporated by artificial heat. In England the brine (con- 
taining about 2 2 per cent, of salt) is run into large pans and rapidly boiled 
for about thirty hours, fresh brine being allowed to flow in continually, 
so as to maintain the liquid at the same level in the boiler. During this 
ebullition a considerable deposit, composed of the sulphates of calcium 
and sodium, is formed, and raked out by the workmen. When a film 
of crystals of salt begins to form upon the surface, the fire is lowered, 
and the temperature of the brine allowed to fall to about j8o° F. 
(82° C.), at which temperature it is maintained for several days whilst 
the salt is crystallising. The crystals are afterwards drained, and dried 
by exposure to air. The grain of the salt is regulated by the tempera- 
ture at which it crystallises, the size of the crystals increasing as the 
temperature falls. The coarsest crystals thus obtained are known in 
commerce as hay-salt. It is not possible to extract the whole of the 
salt in this way, since the last portions which crystalhse Avill always be 
contaminated with other salts present in the brine ; but the mother-liquor 
is not wasted, for after as much salt as possible has been obtained, it is 
made to yield sodium sulphate (Glauber’s salt), magnesium sulphate 
(Epsom salts), bromine, and iodine. 

The process adopted for extracting the salt from sea water depends 
upon the climate. In Russia, shallow pits are dug upon the shore, in 
which the sea water is allowed to freeze, when a great portion of the 
water separates in the form of pure ice, leaving a solution of salt suffi- 
ciently strong to pay for evaporation. 

Where the climate is sufficiently warm, the sea water is allowed to 
run very slowly through a series of shallow pits upon the shore, where 
it becomes concentrated by spontaneous evaporation, and is afterwards 
allowed to remain for' some time in reservoirs in which the salt is 
deposited. Before being sent into the market, it is allowed to 
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drain for a long time, in a sheltered situation, when the magnesinm 
chloride with which it is contaminated deliquesces in the moisture 
of the air and drains away. The hitterrif oi’ liquor remaining after 
the salt has been extracted, is employed to furnish magnesia and 
bromine. 

! 1000 parts of sea water contain aBout 29 parts of NaCl, 0.5 of KCl, 2 of MgCb, 
2.5 of MgSO^, 1.5 of CaSO^, &c. , . - 

In a warm climate, that of Marseilles, for example, _ the water is auowea to 
evaporate spontaneously until it bas a specific gravity of 1.24.^ During 
operation it deposits about four-fiths of its sodium chloride. It is then mixed 
with one-tenth of its volume of water, and artificially cooled to o° F. (see p. I 3 ^)» 
when it deposits a quantity of sodium sulphate, resulting from the decomposition 
of part of the remaining sodium chloride by the magnesium sulphate. The 
mother-liquor is evaporated down till its specific gravity is 1.33; 3. fresh quantity 
of sodium chloride being deposited during the evaporation. When the liquid 
cools, it deposits a double salt composed of chlorides of potassium and magnesium, 
from which the latter chloride may be extracted by washing with a very little 
water, leaving the potassium chloride fit for the market. 

This process is instructive as illustrating the influence exerted upon the nature 
of the salts which wiU be deposited from a solution by tbe temperature to wbicb 
this is exposed, the general rule being that that salt separates which is least 
soluble in the liquid at the particular temperature. 

The great tendency observed in ordinary table salt to become damp 
when exposed to the air, is due chiefly to the presence of small quan- 
tities of chlorides of magnesium and calcium, for pure sodium chloride 
has very much smaller disposition to attract atmospheric moisture, 
although it is very easily dissolved by water, 2f parts being able to dis- 
solve I part (by weight) of salt. The saturated solution boils at 107. 5° 0 . 

In tbe history of tbe useful applications of common salt is to be found 
one of the best illustrations of the influence of chemical research upon 
the development of the resources of a country, and a capital example of 
a manufacturing process not based, as such processes usually are, upon 
mere experience, independent of any knowledge of chemical principles, 
but upon a direct and intentional application of these to tbe attainment 
of a particular object. 

Until tbe last quarter of tbe eighteenth century, the uses of common 
^salt were limited to culinary and agricultural purposes, aud to the 
glazing of the coarser kinds of earthenware, whilst a substance far mox’8 
useful in the arts, carbonate of soda, was imported chiefly from Spain 
under the name of barilla, which was the ash obtained by burning a 
marine plant known as the salsola soda. But this ash only contained 
about one-fourth of its weight of carbonate of soda, so that this latter 
substance was thus imported at a great expense, and the manufactures 
of soap and glass, to which it is indispensable, were proportionally 
fettei’ed. ' 

During the wars of the French Revolution the price of barilla had' 
risen so consideiubly that it was deemed advisable by Napoleon to offer 
a premium for the discovery of a pi'ocess by which the carbonate of 
soda could he manufactured at home, and to this circumstance we are 
indebted for the discovery, by Leblanc, of the process, which is only 
now being superseded, for the manufacture of carbonate of soda from 
common salt, a discovery which placed this substance at once among 
the most important raw materials with which a country could be 
furnished. 

1S3, Manufacture of sodium carbonate from common salthy theleblanc 
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process . — This process consists in heating salt with sulphuric acid, 
whereby sodium sulphate and hydrogen chloride are produced (see p. 1 70). 
The sodium sulphate, technically called sal£ calce, is then mixed with 
small coal and limestone, and again heated in order to convert it into 
sodium carbonate, a change which may be represented by the two 
equations : 

(1) Na„SO, + C„ = Na„S + 2C0„ 

Sodium Bulphate. * Sodium sulphide. 

(2) Na,S + CaCO., = Na„COs + CaS 

Calcium sulphide. 

The resulting mixture of sodium carbonate and calcium sulphide, technically 
called hlach ash — ^being black from the presence of coal — ^is leached with water to 
dissolve the sodium carbonate and leave the calcium sulphide (tanJc-icaste).*’ The 
liquor is evaporated to crystallise the sodium carbonate {soda crystals). 



Pig. 2ig. — Furnace for converting common salt into sulphate of soda. 

In the first part of the process {salt calce process) the salt is introduced into the 
iron pan, A, of a salt calce furnace, where it is mixed with an equal weight of 
H2SO4 (sp. gr. 1.72) and heated by the fire in the grate, C. Much HCl is expelled 
and escapes through the flue B, whence it passes to the bottom of a brick tower 
packed with coke down which water is trickled ; the water absorbs the HCl from 
thegases as they ascend the tower, forming the muriatic acid of commerce (p. 171)* 
The door F is then raised, and the partly decomposed salt raked from the pan into 
brick roaster D ; this is virtually a muffle heated by the flames from a furnace, 
which circulate in the flues surrounding it. The conversion of the salt into 
sodium sulphate is here completed, the remaining HCl escaping through the flue 
E to condensing towers similar to that described above. 

In the second part of the process the mixture of ground saltcake (10 parts), 
limestone (10 parts), and sm^ coal (4-6 parts) is heated in a hlach ash furnace, 
which is essentially a reverberatory furnace such as is shown in fig. 84. 

■When the black ash is treated with water, the sodium carbonate is dissolved, 
leaving the calcium sulphide,* and by evaporating the solution, and calcining the 
residue, ordinary soda-ash is obtained.+ But this is by no means pure sodium 
carbonate, for it contains, in addition to a considerable quantity of common salt 
and sodium sulphate, a certain amount of caustic soda, formed by the action of 
lime (formed from the heating of the excess of limestone used) upon the car- 
bonate. In order to purify it, the crude soda ash is mixed with small coal or 
sawdust and again heated, when the carbonic acid gas formed from the carbona- 

• The CaS in the waste is insoluble because combined with lime. 

f Before evaporation, air is generally blown through the liquor to oxidise the sodium 
sulphide which may remain unaltered (see p. 317, Sodium hydroxide'). 
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ceous matter converts the caustic soda into_ carbonate, and on dissohdng the 
mass in water and evaporating the solution, it deposits oblique rhombic prisms 
of common washing soda, having the composition NaoCOa.ioAq (soda crifstals), 

' Harqreave's process dispenses with the use of sulphuric acid, and converts the 
sodiuin chloride into sulphate by the action of sulphurous acid gas (obtained by 
burning pyrites), steam, and air, at a dull red heat; 2NaCl + Ho 0 + S 0 „ + 0 = 
Na2S04-t-2H01. The hydrochloric acid is absorbed by water, as usual, and the 
sodium sulphate converted into carbonate as described above, 

A Kttle reflection will show the important influence which this pro- 
cess has exerted upon the progress of the useful arts in this country. 
The three raw materials, salt, coal, and limestone, we possess in 
abundance. The sulphuric acid, when the process was first introduced, 
bore a high price, but the resulting demand for this acid gave rise to 
' so many improvements in its manufacture that its price has been very 
greatly diminished — a cii'cumstance which has of course produced a 
most beneficial effect upon all branches of manufacture in which the 
acid is employed. 

The large quantity of hydrochloric acid obtained as a secondary pro- 
duct has been employed for the preparation of bleaching powder, and 
the important arts of bleaching and calico-printing have thence received 
a considerable impulse. These arts have also derived a more direct 
benefit from the increased supply of sodium carbonate, which is so 
largely used for cleansing all kinds of textile fabrics. The manufactures 
of soap and glass, which probably create the greatest demand for sodium 
carbonate, have been increased and improved beyond all precedent by 
the production of this salt from native sources. 

Ammonia-soda process, or Solvay’s process. — This process for convert- 
ting NaCl into Na^OOg, which has almost completely replaced the 
Leblanc process, depends upon the reaction between sodium chloride, 
carbon dioxide, ammonia and water, NaOl -J- NH 3 -{- COj, -f Hj .0 = 
NaHCOj-J-NH^Cl. A solution of salt is saturated, first with ammonia, 
and then with carbon dioxide, whereupon sodium hydi’ogen carbonate 
is_ precipitated. This is collected and calcined in order to convert it into 
soda-ash; 2 NaHC 03 = Na^COj -f H,0 - 1 - COj. The solution containing 
NH^Ol is heated with lime to recover the ammonia — 

2NHjC 1 -(- CaO = 2NH3 + H „0 + CaCL. 

The brine pumped from the wells contains magnesium salts and other salts ; 
lime is added to remove these, and the excess of lime is precipitated by ammonium 
carbonic. The liquor is^ then saturated with salt by addition of pure salt, and 
with NHj by passing in this gas from the ammonia stills ; it is then made to flow 
down a vertical iron cylinder containing perforated shelves and kept cool by 
-NT pumped up this cylinder and meets the descending liquor, from 
which NaHLOj is deposited and collected on the shelves, whence it falls as a 
sludge to the bottom of the cylinder. The liquor from which the NaHCOj has 
separated IS run into the ammonia stills where it is heated with lime in order to 
recover the NH^. The CO„ used in the process is derived partly from the lime- 
kilns m which the lime for the ammonia stills is burnt, and partly from the cal- 
cining of the NaHCO, to get Na^COa- 

Recovery of waste in alkali manvfacture. — -It is obvious that it should 
be the object of every chemical manufacturer to utilise his raw materials 
in such a manner that none of the elements in them shall ultimately 
remain in an unmarketable form. A little reflection will show that in an 
ideal process for making alkali, the only component of the raw materials 
nhich should be finally rejected is the atmospheric nitrogen. In 
practice, however, there has been, until lately, a large source of waste 
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in botli tbe above processes. It wiU have been seen that in tbe Leblanc 
process the whole of the sulphur of the H^SO^ which is used makes its 
appearance as CaS in the tank-waste; whilst in the ammonia-soda 
process all the chlorine in the salt makes its appearance as OaCl, in the 
ammonia-still liquor. The tank waste and still liquor were originally 
rejected, so that whilst the ammonia-soda process had the advantage 
over the Leblanc process that it did not pay for sulphur which was 
finally wasted, it had the accompanying disadvantage that it did not 
recover the chlorine of the salt, which is a source of profit to the Leblanc 
process. Whilst, therefore, CaS is the alkali-waste of the older process, 
CaOlj is that of the newer process, although since the sulphur is now 
recovered from the CaS, and the Cl from the still-liquor,* this term has 
become a misnomer. It must be added that since much of the soda in 
black ash is in the form of caustic soda (see above), this product is more 
easily made by the Leblanc process than by the ammonia-soda process; 
so that in many cases the Leblanc makers have ceased to produce 
sodium carbonate, and are now manufacturers of caustic alkali, bleach- 
ing powder, and pm-e sulphur. The manufacture of chlorine and bleach 
have been sketched on pp. 163 and 177, and the I’ecovery of manganese 
from the chlorine-still liquor on p. 163. 

Becovery of sulphur from tank-waste. — ^This is now efiected by Chance's 
p^'ocess, which depends upon the fact that when carbon dioxide (lime-kiln 
gases) is passed into alkali waste (OaS), made into a cream with water, 
HjS is evolved and CaOOg remains ; CaS HjO -}- CO, = CaCOg -h HgS.t 
The sulphuretted hydrogen is mixed with a carefully regulated supply 
of air and passed through a lain {Glaus kiln) containing some poi’ous 
material, when the hydrogen alone is burnt, the sulphur being subse- 
quently deposited in condensing chambers ; HgS -f 0 = HgO + S. The 
CaCOg from this process is used again in making black ash. 

Recovery of chlorine from ammonia-still liquor. — When lime is used 
in the ammonia-stills calcium chloride remains in the liquor; it is 
difficvdt to recover chlorine from this compound. If magnesia be 
substituted for lime, magnesium chloride is left (aNH^Cl -f MgO = 
2NIIg-f H„ 0 -f-MgClj), from which chlorine may be recovered by the 
Weldon-Pechiney 7??’ocess. This consists in mixing MgO with the 
concentrated MgCIg solution, whereby magnesium oxychloride 
(5Mg0.4MgCl,) is produced. This can be dried without losing HCl, 
which is not possible with MgClg itself ; and when the dried mass is 
heated in air at 1000° C, it gives up its chlorine in exchange for oxygen. 
The MgO thus left is used again. 

Mond seeks to prepare the MgCL in a nearly anhydrous state by volatilising 
the NH^Cl and passing the vapour over heated MgO, whereby NHg, H„0, and 
MgCl, are produced ; the first is used in the ammonia-soda plant, whilst tbe 
MgClj may be heated in air to yield MgO and Cl, as described above. The 
NH 4 CI is obtained in crystals bj^ cooling the mother-liquor from the towers in 
which the NaHCOg is precipitated (see above). 

Sodium carbonate, loashing soda, NagCOg.ioAq. — The crystals of 
sodium carbonate are easily distinguished by their property of efflor- 
escing in dry air (p. 49), and by their alkaline taste, which is much 

• Exact information as to the recovery of chlorine is not divulged by the ammonia- 
soda makers, but it is believed to have been successfully effected. 

■}• An elaborate, systematically worked plant is essential in order that the evolved gas 
may be as rich as possible in H,S. 
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milder than that of potassium carbonate, this being, moreover, a 
deliquescent salt. The crystals are very soluble in water, requiring 
only 2 parts of cold, and less than their own weight of boiling water j 
the solution is strongly alkaline to test-papers. The crystals fuse at 
50° 0., evolve steam, and deposit a granular powder of the composition 
Na^COa-Aq {crystal carbonate). At a higher temperature it becomes 
IsTa'COj, and fuses at a red heat. If a solution of sodium carbonate be 
crystallised between 30° and 50° 0 ., the crystals are lsra2CO,.7Aq, The 
mineral natron found at the soda-lakes of Egypt is NajjCOg.ioAq. The 
chief impurities in soda-crystals are NaOl and Na^SO^ ; soda-ash may 
contain in addition ISTaOH and Na,S. 

Bicarbonate of soda, or hydrogen sodium carbonate, NaHOOg, is the 
substance commonly used in medicine as carbonate of soda. It is 
prepared either by saturating the crystallised carbonate with COg, or 
by passing OOg through a strong solution of common salt mixed 
with ammonia (ke p. 315).* It forms small prismatic crystals much 
less easily dissolved by water (8.85 per cent, at 15° 0.) than the 
carbonate. The solution is much less alkaline. When the solution 
is heated it evolves 00,, and crystals of the sesquicarbonate 
NagOOg.lTallOOg.cAq, may be obtained from it. A similar salt is the 
mineral Trona. It has been seen that, when strongly heated, alTaHCOg = 
Na^OOg + COg + HgO. 

Potassium sodium carbonate, KNaCOg.d Aq, may be crystallised from a 
mixture of solutions of the carbonates. 

Soda lye, employed in the manufacture of hard soap, is a solution of 
sodium hy^oxide (NaOH), obtained by decomposing the carbonate with 
calcium hydroxide (slaked lime) ; NajCOg -}- Ca(OH)2 = 2lsraOH -1- CaCOj. 
The solid NaOIl of commerce, caustic soda, is prepared in the Leblanc 
alkali process; the solution obtained by treating the black ash with 
water is causticised with lime, as represented in the above equation, 
and concentrated by evaporation xmtil it solidifies on cooling, at 
which stage it is poured out into iron moulds. In properties it closely 
resembles KOH. 

In practice, the tank liquor (from the black ash) is purified from sulphides before 
it is causticised, partly by blowing air through it which oxidises the sulphides, 
and partly by addition of zinc oxide which precipitates the sulphur as zinc 
sulphide. The removal of the other salts (sulphate and chloride) occurs when the 
caustic liquor is concentrated, for they then crystallise and may be fished out ; the 
last traces of sulphide are oxidised by the addition of a little NaN O3 to the melted 
NaOH before it is cast. 

Attempts are now made to prepare both caustic soda and chlorine from salt 
hy electrolysis. In one type of these processes an electric current is passed 
through fused salt ; in this case the cathode consists of melted lead at the bottom 
of the crucible containing the melted salt, and the anode of a carbon rod im- 
mersed in the salt. Sodium is liberated at the cathode and dissolves in the 
melted lead, whilst chlorine is evolved at the anode. The alloy of sodium and 
lead is granulated and treated with water to convert the sodium into NaOH. 

In the other type of process the current is passed through an aqueous solution 
of salt, when the sodium is not liberated as such, but reacts with the water to 
form NaOH and H (p. 299). Thus, . a solution of NaOH collects around the 
cathode and chlorine water around the anode ; if these be not separated by a 
porous diaphragm the NaOH and 01 will react to form NaOCl and NaOl (p. 177), 

. and a meaching liquor [electrolytic hleacli) will be produced. 'When they are 
separated, however, the caustic soda liquor may be drawn off and evaporated, 

* A saturated solution of NaOl mixed with one-third of its volume of NH, fsp cr o 881 
and saturated with CO2 gives a copious precipitate of NaHCOj. ^ / 
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whilst chlorine will be evolved as gas (when the water has become satmated) and 
may be conducted into lime chambers to make bleaching powder. 

The common impurities in commercial NaOH are carbonate, chloride, 
sulphate, and nitrite of sodium, sometimes accompanied by zinc oxide. 

1 84. Sodium . — ^Potash and soda exhibit so much similarity in then’ 
properties that we cannot be surprised at their having been confounded 
together by the earlier chemists, and it was not till 1736 that Du Hamel 
pointed out the difference between them. The discovery of potassium 
naturally led Davy to that of sodium, which can be obtained by processes 
exactly similar to those adopted for procuring potassium, to which it 
will be remembered sodium presents very great similarity in properties 
(p. 17). Sodium, however, is readily distinguished from potassium by 
its burning with a yellow flame, which serves even to characterise it 
when in combination. 

This yellow flame is well seen by dissolving salt in water in a plate, and adding 
enough spirit of wine to render it inflammable, the mixture being well stirred 
while burning. If a little piece of sodium be burnt in an iron spoon held in a 
flame, all the flames in the room, even at a remote distance, will be tinged yeUow. 
The blowpipe flame may also be employed to detect sodium by this colour, as in 
the case of potassium (p. 309). In fireworks, nitrate of soda is employed for pro- 
ducing yellow flames. Avery good yellow fire may be made by carefully and inti- 
mately mixing, in a mortar, 74 grs. of nitrate of soda, 20 grs. of sulphur, 6 grs. 
of sulphide of antimony, and 2>grs. of charcoal, all carefully dried, and very finely 
powdered. 

Sodium is manufactured by distilling a mixture of sodium hydroxide 
and carbon at a temperature of about 800° 0., when the metal distils over; 
3]SraOH -t- 0 = NagCOg Na + Hg. This change occurs at a lower tempera- 
ture than that formerly employed — ^viz., the reaction which occurs when 
sodium carbonate is heated with carbon in the manner described for the 
preparation of potassium. 

In Castner’s process the fused sodium hydroxide is heated in steel crucibles 
(provided with covers in which condensing tubes are inserted), with a mixture of 
carbon and finely divided iron prepared by heating haematite with tar, thus obtain- 
ing a mixture of 30 parts of carbon and 70 parts of iron. The reduction of the 
sodium is effected by the carbon, the iron serving to keep the oarbon down below 
the surface of, and therefore in direct contact with, the fused hydroxide. The resi- 
dues in the crucibles are treated with warm water, and the solution evaporated to 
recover the sodium carbonate, while the iron is dried, mixed with tar, and used 
over again. The distillation is carried on in a gas-furnace. It is said to yield 
go per cent, of the sodium present instead of 30 per cent, from the old process. 

Sodium is a whiter metal than potassium ; its sp. gr. is 0.973 j 
melts at 95°.6 0 ., and boils at 742° O. When heated in air, it gives 
a mixture of NajO and ISTagOg, which are converted into NaOH by 
water, O being evolved from the NagOj. If water be gradually added 
to Na„02j it dissolves, and the solution yields crystals of Na^Oj-SHgO. 

Sodium is not attacked by perfectly dry chlorine, dry bromine, or dry 
oxygen, but if a trace of aqueous vapour be present, combination takes 
place with violence. When mixed with 10 to 30 per cent, of its weight 
of potassium, sodium yields an alloy which is liquid at 0° 0. and is used „ 
for filling thermometers. 

Sodium is far less costly than potassium, and is used on the large scale, 
for the extraction of the metal magnesium and for making sodium per- 
oxide. An amalgam of sodium (p. 139) is also employed with advantage 
in extracting gold and silver from their ores. 

Sodium hydride is similar to the potassium compound (p. 309). 
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b'odium peroxide, Na.Oi, is manufactured by causing slices of sodium, disposed 
on trays of aluminium'( which is not attacked), to pass through a hot tunnel which 
is traversed in the contrary direction by a current of dry air, freed from CO„. It 
is a yellowish white powder much used as an oxidising agent. 

SodAuTn chlovide, NaOl, forins rock salt and tethle soXt^ the latter con- 
sisting of minute crystals formed by boiling down the water of brine 
springs (see p. 312). It forms cubical, anhydrous crystals, and is 
almost equally soluble in hot and cold water; 100 parts of water 
at 15° C. dissolve 36 parts of salt, at 100°, 39 parts. It is^ in- 
soluble in alcohol. It melts at 772° C., and is afterwards vaporised. 
It forms two cryoTiydrates, !N'aC1.2Aq, deposited from a saturated solu- 
tion cooled to - 10° 0 ., and NaOl.ioAq, deposited at - 22° 0 . They 
are decomposed at higher temperatures. hTeedles of HaCl.cAq are 
obtained from a solution of salt in hot HCl. 

Sodium Jlueyi'ide, NaF, made by fusing fluor spar (OaF„) with Ha^COj, 
is used for softening boiler feed waters. 

The sulphides of sodium are similar to those of potassium. 

Sodium sulphate is found anhydrous as Thenardite. Glauher^s salt, 
lIa,SO^.ioAq, is made by crystallising salt-cake. It forms prismatic 
crystals which effloresce in air, fuse at 33° 0., and become anhydrous at 
100°. It is more soluble in water at 33° 0 . than at any other tempera- 
ture, 100 parts of water dissolving 1 15 parts of the crystals. When 
this solution is heated, it deposits octahedral crystals of Na,SO^.Aq. 
When cooled quietly in a covered vessel, the solution exhibits, in a high 
degree, the phenomenon of supersaturation (p. 48). At 12° C. crystals of 
NajS04.7Aq may be obtained. The crystals of NajSO^.ioAq, with half 
their weight of strong HCl, form an excellent freezing mixture, giving 
the same temperature as ice and salt ( — 18° C., 0° F.) — 

Na,SO^.ioAq HCl = NaHSO, -f NaCl + loAq. 

Glauherite is l:Ia,0a(S0j2, and is nearly insoluble in water. 

Hydrogen sodium sulphate, NaHSO^, or bimdphate of soda, crystallises 
in prisms with i Aq. It is more fusible and more easily decomposed by 
heat tthan is KHSO^. It is decomposed by alcohol into H,SO , and 
HajSO,, which remains undissolved. When moderately heated, 
2NaHS0^ = H20-f hTajSjOy (pyrosulphate), decomposed by a red heat 
into HaoSO^ and SO3. Sodium pyrosulphate is also formed when HaCl 
is heated with SO3 ; eNaCl -h 3SO3 = Ha^S^O, -f SO^Ol,. 

Sodium sulphite crystallises in prisms, Na2S03.7Aq, which are very 
soluble in water, yielding an alkaline solution. It is prepared by satu- 
rating one-half of a solution of ]Sra2C03 with SO3 gas, and adding the 
other half — 

(1) NaUOj -f 2S0„ + H„0 = 2NaHS0, + C0„ ; 

(2) aNaHSOj -f- Na^CO, = 2Na,S03 + + CO... 

The sodium sulphite is useful in the laboratory as a reducing agent 
(p. 219), and the hydrogen sodium sulphite {bisulphite), HaHSO,, is used in 
organic chemistry. 

Sodiuvi thiosulphate, A’a2S,03, or hyposulphite of soda crystallises in 
glassy pi’isms, IS 3,8,03.5 Aq, the preparation and properties of which 
have been described at p. 230. 

Sodium^ thiosulphate is much used in photography for fixing prints 
by dissolving the unaltered portion of the sensitive film of silver chloride 
bromide, or iodide. It is also used by bleachers as an antichlore. 
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Phosjihate of soda, or hydrogen disodium fhosphate, HNa,POj, 
crystallises in prisms, ]!Sra2lIP04.i2Aq, which effloresce in air and dis- 
solve easily in water, giving an alkaline solution. When heated, they 
fuse easily, and lose the laAq at 45° 0. ; at a red heat, 2]!Ta2HP04= 
H3O + Na^PoOy {'pyro'phosflmte). 

Na^ELPU^ occurs in the blood and in urine. It is prepared by de- 
composing a mineral phosphate, which contains Ca3(P04)2, "with HjSO^, 
sp as to obtain the insoluble CaSO^ and a solution of impure H3PO4. 
This is decomposed by Na^COj, the solution filtered from the small 
quantity of CaC03, evaporated and crystallised — 

H3PO4 + Na^COa = Na^HPO^ + H „0 + C 0 „. 

Arsenate of soda, or hydrogen disodium arsenate, HNajAsO^, forms 
crystals with i2Aq, resembling those of the phosphate, but the salt as 
commonly sold contains 7Aq. There exists also the salt Ha^HPO^. 7 Aq, 
but this is not that commonly sold. 

Sodium arsenate is made by dissolving white arsenic in caustic soda, 
adding sodium nitrate, evaporating to dryness, heating the residue to 
redness and dissolving in water — 

(1) As^Oj 4- i2NaOH = 4Na3As03 -f 6 H „0 ; 

(2) Na^AsOj -t- NaNOj = Na^AsO, -f NaNO„; 

(3) NajAsO^ -f H „0 = Na^HAsO^ 4 - NaOH.' 

185. Borrax, biborate of soda (Na„0.2B203), or sodium 'pyroborate 
(NajB^Oj). — It has already been stated that borax is deposited during 
the evaporation of the waters of certain lakes in Thibet, whence it is 
imported into this country in impure crystals {tincal), which are covered 
with a peculiar greasy coating. Borax has also been found abundantly 
in Southern California. 

The refiner of tincal powders the crystals and washes them, npon a strainer, 
with a weak solution of soda, which converts the greasy matter into a soap and 
dissolves it. The borax is then dissolved in water, a quantity of sodium carbonate 
is added to separate some lime which the borax usually contains, and, after 
filtering off the carbonate of lime, the solution is evaporated to the crystallising 
point and allowed to cool, in order that it may deposit the pure crystals of borax. 
Boracite, 2Ca0.3B„O3, from Asia Minor, is frequently used as a raw material for 
making borax; the mineral is boiled with Na3C03, the CaCOj filtered, and the 
solution crystallised. 

Borax is manufactured in this country by heating sodium carbonate with boric 
acid, when the latter expels the carbonic acid.* The mass is then dissolved in 
water, and the borax crystallised, an operation upon which much care is bestowed, 
since the product does not meet with a ready sale unless in large crystals. The 
solution of borax, having been evaporated to the requisite degree of concentration, 
is allowed to crystallise in covered wooden boxes, which are lined with lead and 
enclosed in an outer case of wood, the space between the sides of the case and 
the box being stuffed with some bad conductor of heat, so that the solution of 
borax may cool very slowly, and large crystals may be deposited. In about thirty 
hours the crystallisation is completed, when the liquid is drawn off as rapidly as 
possible, the last portion being carefully soaked up with sponges, so that no small 
crystals may be afterwards formed upon the surface of the large ones ; the case is 
then again covered up, so that the crystals may cool slowly without cracking. 
"When a solution of borax is crystallised above 60° C., it yields octahedral borax, 
NajB^O-.sAq, which is also deposited when solution of prismatic borax is evapo- 
rated in vacuo. 

The ordinary prismatic crystals of borax are represented by the 

* The ammonia which is evolved from the Tuscan boracio acid employed in this pro- 
cess is known in commerce as Volcanic ammonia, and is free from the empyreumatic odour 
which generally accompanies that from coal and bones. 
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formvila Na,Bpi..ioAq. They soon effloresce and become opaque when 
exposed to air, and may readily be distinguished by their alkaline taste 
and action upon test-papers, and especially by their behaviour when 
heated, for they fuse easily and intmnescs most violently, swelling up to 
a white spongy ' mass of many times their original bulk ; this mass 
afterwards .fuses down to a clear liquid which forms a transparent 
' glassy mass on cooling (^itrejied bovax), and since this glass is capable of 
dissolving many metallic oxides with great readiness (borax being, by 
constitution, an acid salt, and therefore ready to combine with more 
base), it is much used in the metallurgic arts. Large quantities of boi’ax 
are also employed in glazing stoneware. 

A dilute solution of borax dissolves iodine to a colourless solution, 
but on concentration the iodine is precipitated ; probably the borax is 
decomposed in the dilute solution into boric acid and soda, which con- 
verts the iodine into iodide and iodate ; on concentrating, the boric acid 
liberates hydriodic and iodic acids, which react with each other, sepa- 
rating iodine (p. igs). 

Sodium nitrate, NaNOg, will be more particularly noticed in the section 
on gunpowder. It is imported from Peru, and used in considerable 
quantity as an artificial manure for supplying nitrogen, and for the 
manufacture of potassium nitrate and nitric acid. 

Sodium silicate.— A. combination of soda with silica has long been 
used, under the name of soluble glass, for imparting a fire-proof character 
to wood and other materials, and, more recently, for producing artificial 
stone for building purposes, and for a peculiar kind of permanent fresco- 
painting (stereochromg), the results of which are intended to withstand 
exposure to the weather. » 

Sodium metasilicate has been obtained in prismatic crystals, NagSiOg. 
SAq, by dissolving amorphous silica in hiaOH. It is soluble in water, 
and the solution is decomposed by COg. A solution of amorphous SiOg 
in a hot aqueous hTajCOj gelatinises, on cooling. 

Soluble glass is usually prepared by fusing 1 5 parts of sand with 8 parts of 
carbonate of soda and 1 part of charcoal. The silicic acid, combining with the 
soda, disengages the carbonic acid gas, the expulsion of which is facilitated by the 
presence of charcoal, which converts it into carbonic oxide. The mass thus 
formed is scarcely affected by cold water, but dissolves when boiled with water, 
yielding a strongly alkaline liquid. 

In using this substance for rendering wood fire-proof, a rather weak solution is 
first applied to the wood, and over this a coating of lime-wash is laid ; a second 
coating of soluble glass (in a more concentrated solution) is then applied. The 
wood so prepared is, of course, charred, as usual, by the application of heat, but 
its inflammability is remarkably diminished. 

For the manufacture of Jtansonie’s artificial stone, the soluble glass is prepared 
by heating flints, under pressure, with a strong solution of caustic soda, to a 
tenaperature between 300° and 400° F. (149° and 204° C.), when the silica consti- 
tuting the flint enters into combination with the soda. Finely divided sand is 
moistened with this solution, pressed into moulds, dried, and exposed to a high 
temperature, when the silicate of soda fuses and cements the grains of sand 
together into a mass of artificial sandstone, to which any required colour may be 
imparted by mixing metallic oxides with the sand before it is moulded. 

Silicate of soda is also sometimes used as a dung substitutein calico-printing (g. v.). 

Sodium chlorate, ITaClOg, resembles the potassium salt, but is more 
soluble, and is 01^ this account preferred for some purposes. It is made 
by substituting Jv’a.SO^ for KOI in the method described on p. 180 for 
making KCIO.. 
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SALTS OF AMMONIUM. 

1 86. The great chemical resemblance between some of the salts formed 
by neutralising acids with ammonia, and the salts of potassium and 
sodium, has been already pointed out as affording a reason for the 
hypothesis of the existence of a compound metal, ammonium, (NH^), 
equivalent in its functions to potassium and sodium (p. 139). 

The compounds which are formed when ammonia (NH,) combines 
with the anhydrides, such as carbonic (00„) and sulphuric (SO3), do not 
exhibit the resemblance to the salts of potassium and sodium until water 
is added. Thus, by the action of dry ammonia gas upon sulphuric 
anhydride, a compound called sulphuric ammonide is formed, having the 
composition (NH3)2S03. This substance dissolves in water and crystal- 
lises in octahedra, but its solution is not precipitated by barium chloride, 
which always precipitates the true sulphates, nor by platinic chloride, 
which precipitates the true ammonium salts. By long- boiling with 
water, however, it becomes converted into ammonium sulphate, 
(NHJjSO^, which yields precipitates with both the above tests.^' The 
phosphoric, cai’bonic, and sulphurous anhydrides also combine with 
nearly dry ammonia to form ammonides, which do not respond to the 
ordinary tests for the corresponding salts of ammonium until after 
water has been assimilated. The true salts of ammonium are produced 
either by the combination of an acid with ammonia, or by double 
decomposition. , 

'Ammonium nitrate, NH^NOj, is prepared by neutralising ordinary 
nitric acid with lumps of ammonium carbonate, when the nitrate 
crystallises on cooling in six-sided prisms like those of KNOj, but they 
are deliquescent and very soluble in water ; it absorbs one-third of its 
weight of ammonia and becomes liquid, the ammonia being expelled 
again at 25° 0 . When gently heated, it melts at 150° 0 ., and is de- 
composed at 210° C., when it boils and passes off entirely as water and 
nitrous oxide ; NH^N03 = zHjO -t- N^O. If sharply heated, as by throw- 
ing it on a red-hot surface, it deflagrates. • If very carefully heated, it 
may be sublimed. It is largely used for making nitrous oxide, and is 
a constituent of some explosives.f 

Ammonium nitrite, NH4NO2, is interesting on account of its easy decomposition 
by heat; NH^N02=N2-)-2H„0. This takes place even on boiling the solution, so 
that a mixture of solutions of potassium nitrite and ammonium chloride is used 
for preparing nitrogen. Ammonium nitrite is found, in very small quantity, in 
rain water ; it can also be detected in the water condensed from hydrogen burning 
in air. Ammonia is partly converted into this salt when oxidised by ozone or 
even by air in presence of heated platinum ; 2NH3-(-03=NH4N02-i-H20. 

187. Ammonium sulphate, (NII^)2SO^, is largely employed in the 
preparation of ammonia-alum, and of artificial manures, for which 
purposes it is generally obtained from the ammoniacal liquor of the 
gas-works by distillation with lime and absorption of the, liberated 
ammonia in HjSO^. The rough crystals are gently heated 'to expel 

•* Hepreseuting sulphuric acid as sulphuryl hydroxide, SOo.OH.OH, ammonium sulphate 
is SOo-ONH^.ONHj. aud sulphuric ammonide is SOj.NHo.ONHj, the amidogen group, 
KHo, replacing the ammon-oxyl group, 0(NH4). 

f The explosive BetlUe consists of 5 parts of ammonium nitrate and i part of di-nitro- 
benzene (<7.r.); it is said to be 30 per cent, stronger than dynamite, and to explode only 
by detonation. 
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tarry substances, and purified by reciystallisation. The crystals have 
the same shape as those of potassium sulphate, and are easily soluble in 
water, but not in alcohol. When heated to about 500° F. (260° 0 .),_the 
ammonium sulphate is decomposed, yielding vapour of ammonium 
sulphite, water, ammonia, nitrogen, and sulphur dioxide. If muslin be 
dipped into a solution of ammonium sulphate in ten parts of water and 
dried, it will no longer burn Avith flame when ignited. The mineral 
mascagnine consists of ammonium sulphate. This salt is occasionally 
found in needle-like crystals upon the windows of rooms in which coal 
gas is bmmt. 

188. Ammonium carbonate, also called smelling salts, or Preston salts, 
is largely used in medicine, and by bakers and confectioners, for impart- 
ing lightness or porosity to cakes, &c. It is commonly prepared by 
mixing ammonium sulphate with twice its weight of chalk, and distilling 
the mixture in an earthen or iron retort, communicating, through an 
iron pipe, Avith a leaden chamber or receiver, in Avhich the ammonium 
carbonate collects as a transparent fibrous mass, AA’hich is extracted by 
taking the receiver to pieces, and purified by resubliming it in iron 
vessels surmounted by leaden domes. The action of calcium carbonate 
upon ammonium sulphate would be expected to furnish the normal 
carbonate, (NH^),C03, but this salt (even if produced) is decomposed by 
the heat employed in the process into hydrogen ammonimn carbonate, 
CO(ONII^)(ONH J = CO(ONlI^)(OII) -f NH„ and ammonium can'bamate, 
CO(ONH,)(ONH,) = C 0 ( 0 NH,)(NH 3 ) -h H^O. 

■ The commercial carbonate is usually a mixture of 2 mols. of the 
former to one of the latter. By treating it with strong alcohol, the 
carbamate is dissolved and the hydrogen ammonium carbonate left. 

When exposed to the air, it smells of ammonia, and gradually be- 
comes ]SlH^IIC03[ = C0(0hrHJ(0H)], the carbamate being decomposed 
and volatilised; C 0 ( 0 jNIIJ(NHj) = 002 + 2NH3. On treating the 
commercial carbonate Avith a little water, the hydrogen ammonium 
carbonate is left undissolved, Avhilst the carbamate is converted into 
normal carbonate and dissolved ; CO(ONHJ(NII„) -f H „0 = (NH^ljOOg. 

Sal volatile is an alcoholic solution of ammonium carbonate and car , 
bamate. 

Ammonium carbonate, (NHdsCOj, is obtained in crystals by treating the com- 
mercial carbonate Avith strong ammonia. The crystals contain lAq. They are 
deliquescent in air, and evolve NH,, becoming converted into the bicarbonate : 
(NH,),C 03 = NH3 + NH,HCO,. 

Ammoniiun hicarhonate, NH^HCOj or hydrogen ammonium carbonate, is the 
most stable, and is obtained by dissolving the commercial carbonate in a little 
boiling -water, Avhen it crystallises on cooling. 

The anynonium carbamate is deposited as a white solid when ammonia gas is 
mixed vdth carbonic acid gas, unless both be quite dry. It may be obtained in 
crystals by passing CO- and NH3 into the strongest solution of ammonia. 

Ammonium carbamate is easily soluble in water, which soon conA'erts it into 
animonium carbonate. The aqueous solution, when freshly prepared, is not pre- 
cipitated by calcium chloride, but the calcium carbonate is deposited on standing 
or heating. When ammonium carbamate is heated in a sealed tube at 130° C. it 
ammonium carbonate and urea; 2NH,C0-NH„=(NH,)-C0.-i- 
COA-H^. Carbamic acid, HCO-NH-, has not been isolated ; its relation to carbonic 
acid is^ seen by a comparison of their formulm ; carbonic acid, CO. OH. OH ; 
ciub.amic acid, CO.OH.NH-. Other carbamates have been obtained by passing 
CO- through strongly ammoniacal solutions of different bases, and precipitating 
the carbamates by alcohol. When potassium carbamate is heated, it yields water 
and potassium cyanate ; KCO^JH-s KCNO + H„ 0 . 
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Carbamates are remarkable for evolving nitrogen when treated with a mixture- 
of soda and sodium hypobromite, but 7iot loitli the hypochlorite; thus — 

' 2 (CO.NH„.ONa) + sNaOBr + aNaOH = 2C0(0Na)„ + sNaBr + sH^O + N^, 

If solution of sodium carbamate be mixed with sodium hypochlorite and soda, no 
nitrogen is evolved until a soluble bromide is added, a reaction which will indi- 
cate bromides even in dilute solutions. The solution of sodium carbamate may 
be prepared by dissolving ammonium carbamate in a strong solution of soda, and 
allowing the mixture to stand over strong sulphuric acid under a bell-jar for a 
day or two. 

189. Ammonium chloride (NH^Cl), also called muriate of ammonia 
and sal ammoniac. — When ordinarily dry ammonia gas is brought in 
contact with an equal volume of dry hydrochloric acid gas, it has been 
seen (p. 138) that they combine directly to produce this salt, the pre- 
paration of which on the large scale has been noticed at p. 133. It& 
commercial form is that of a very tough translucent fibrous mass, 
generally of the dome-like shape of the receivers in which it has been 
condensed, and often striped with brown, from the presence of a little- 
iron. It has not the least smell of ammonia, and is very soluble in 
water, requiring about three parts of cold water, and little more than 
its own weight of boiling water. As the hot solution cools, it deposits 
beautiful fern-lilce crystallisations composed of minute cubes and octa- 
hedra. , The liquefaction of sal ammoniac in water lowers the tempera- 
ture very considerably, which renders the salt very useful in freezing 
mixtures. A mixture of equal weights of sal ammoniac and nitre, 
dissolved in its own weight of Avater, lowers the temperature of the 
latter from 50° to 10° F. (10° to - 12° C.). In this case partial de- 
composition takes place, resulting in the production of potassium 
chloride and ammonium nitrate, both of which absorb much heat- 
whilst being dissolved by water. The solution of ammonium chloride- 
in water is slightly acid to blue litmus-paper. When sal. ammoniac is 
heated, it passes off in vapour, at a temperature below redness, without 
previously fusing ; the vapour forms thick white clouds in the air, and 
may be recondensed as a Avhite crust upon a cold surface ; but it 
is said that it cannot be sublimed without some loss, a portion being 
decomposed into hydrochloric acid, hydrogen, and nitrogen. 

As already stated (p. 140), ammonium chloride dissociates when 
heated, so that the heat which becomes latent or is absorbed in vapor- 
ising the sal ammoniac, is almost exactly that which is produced by the 
combination of the hydrochloric acid and ammonia. 

When ammonium chloride is heated with metallic oxides, the hydro- 
chloric acid often converts the oxide into a chloride which is either 
fusible or volatile, so that sal ammoniac is often employed for cleansing 
the surfaces of metals previously to soldering them. Even those metallic 
oxides which are destitute of basic properties, such as antimonic and 
stannic oxides, are convertible into chlorides by the action of sal am- 
moniac at a high temperature. 

Ammonium chloride is found in volcanic districts, and is present in 
very small quantity in sea water. 

190. Hydrosulphate of ammonia, 2NIl3.H,S, or ammonium sulphide, 
(]SrB[ 4 ) 3 S, has been obtained in colourless crystals by mixing hydrosul- 
phuric acid gas Avith tAvice its volume of ammonia gas in a vessel cooled 
by a mixture of ice and salt. It is a very unstable compound, decom- 
posing at the ordinary temperature of the air into free ammonia and 
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ammonium hydrosulph^de, NH^HS, whicli may be obtm^d in '^^7 
volatile colourless needles by passing equal volumes of JNH3 and ±1 
into a vessel cooled jn ice, or by passing H^S gas into an alcobolm 
solution of ammonia, when it crystallises in colourless plates wnic. 
imdergo dissociation into NHg and H^S wben/vaporised. 

Solution of ammoniurn sulphide, prepared by mixing the “hydrosulphide 
.(made Ly saturating ammonia sdintion with with voVMae o* 

ammonia, is much used in analytical chemistry, and is supposed to contain 
The solution has a very disagreeable odour. 

When a strong solution of ammonia is saturated with hydrogen sul- 
phide at 0° 0., a colourless solution is formed, from which colourless 
•crystals of NBC BCS separate. The solution soon becomes yellow in con- 
tact with the air, from the formation of ammonium polysulphides of the 
form {NH4)2S^; eventually, the solution deposits sulphur and becomes 
■colouriess, thiosulphate, sulphite, and sulphate of ammonium being 
formed. When the freshly prepared colourless solution of ammonium 
hydrosulphide is mixed with an acid, the solution remains deaf, 
hydrosulphuric acid being evolved with effervescence; NH^HS + HCl:^ 
NH^Cl + HjS; but if the solution be yellow, a milky precipitate of 
sulphur is produced, from the decomposition of the polysulphides, oue 
of which is probably ammonium disulphide; (NH^loS, + cBCCl ^ 

^NH.Ol + HgS + S. 

The fresh solution gives a black precipitate of lead sulphide when 
solution of lead acetate is added to it, but after it has been kept till it 
is of a dark yellow or red colour, it gives a red precipitate of the per- 
sulphide of lead. 

Ammonium polysulpbides are the chief constituents of Boyle’s fuming liq^cor^ a 
fetid yellow liquid obtained by distilling sal ammoniac with sulphur and lime. 
They are sometimes deposited in yellow crystals from this liquid. By dissolving 
sulphur in ammonium disulphide, orange-yellow prismatic crystals of ammoniitm 
pentasuljphide, (NH,)„Sj, may be obtained. (NH^),S^ and (NH^)„S, and (NH4)jSj 
have been crystallised. 

Ammonium bromide (NH^Br) and ammonium iodide (NH^I) are useful in pho- 
tography. They are both colourless crystalline salts, but the iodide is very liable 
to become yellow or brown, from the separation of iodine, unless kept dry and iu 
the dark. Both salts are extremely soluble in water. 

JJicrocosmic salt, jjliosphorus salt, or lajdroyen sodium ammonium phosphate., 
HNaNH4POj.4Aq, is iound in putrid urine and in guano. It is prepared by mixing 
hot strong solutions of ammonium chloride and sodium phosphate — 

NaHP04 + NH,C 1 = HNaNH^PO^ + NaCl. 

It forms prismatic crystals which are very soluble and fusible, boiling violently 
Avhen further heated, and finally leaving a transparent glass of sodium meia- 
pliosphate, which is valnable in blowpipe work for dissolving metallic oxides ; 
NaNH.HPO, = NH, + H.O + NaPOj. 

191. LiTiiiuji (Li=7 parts by weight) is a comparatively rare metal, obtained 
chiefly from the minerals leptdolite {Xems, a scale) or lithia-mica, containing silicate 
of nlumina with fluorides of potassium and lithium; petalite {TriroKov, a leaf), 
silicate of soda, lithia, and alumina ; and tripkane or spodumene {enroohs, asheS), 
which has a similar composition. Its name (from \[6os, a stone) was bestowed 
in the belief that it existed only in the mineral kingdom, but recent investign- 
tion has detected it in rhinute proportion in the ashes of tobacco and other plants. 
The water of a hot spring in Clifford Uni ted Mines, in Cornwall, contains 26 grains 
of Vilhlom ohlorlde pet goWon. 

Jlctallic lithium is obtained by decomposing fused lithium chloride by a gal- 
vanic current. It is remarkable as the lightest of the solid elements (sp. gr. 0.59). 
It bears a general resemblance to potassium and sodium, but it is harder and less 
easily oxidised than those metals. It decomposes water rapidly at the ordinary 
temperature, but does not inflame upon it. 
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Lithium differs from potassium and sodium by forming a sparingly soluble 
phosphate (LiaPO^) and carbonate (LLCOa). The compounds of lithium impart a 
red colour to the flame of the blowpipe (p. 309). 

Lithium carbonate is occasionally employed medicinally. It is made from 
lepidolite by fusing the mineral, crushing it to powder, boiling with HCl and 
HNO3, and precipitating the iron, lime, &c., by NajCOj ; the filtrate contains 
NaCl, KCl, and LiCl ; it is concentrated and mixed with Na,CO, to precipitate 
the LLCO3. 

192. Rubidium (Rb'=8s.5 parts by weight) and Cbdsium (Cs'=:i33 parts by 
weight) were discovered in i860, by Bunsen and Kirchhoff, during the analysis of a 
certain spring water which contained these metals in so minute quantity (2 or 3 
grs. in a ton) that they would certainly have escaped observation if the analysis 
had been conducted in the ordinary way. The discovery of these metals, as well 
as of three others (thallium, indium, gallium), to be mentioned hereafter, was the 
result of the application of the method of sptctrum analysis (see p. 303). 

When examining, with the spectroscope, the alkaline chlorides extracted from 
the spring water above alluded to, Bunsen and Kirchhoff observed two red and two 
blue bands in the spectrnm, which they could not ascribe to any known substance, 
and which they ultimately traced to the two new metals, rubidium {ruhidus, 
dkrk-red) and caesium (ccesius, sky-blue), which may be isolated by the electrolysis 
of their fused salts. 

Rubidium (m. p. 39° ; sp. gr. i. 52) has since been found in small quantity in other 
mineral waters, in lepidolite, and in the ashes of many plants. This metal is 
closely related in properties to potassium, but is more easOy fusible and convert- 
ible into vapour, and actually surpasses that metal in its attraction for oxygen, 
rubidium taking Are spontaneously in air. It burns on water with exactly the 
same flame as potassium. Its hydroxide is a powerful alkali, like potash, and its 
salts are isomorphous with those of potassium. The double chloride of platinum 
and potassium, however, is eight times as soluble in boiling water as the corre- 
sponding salt of rubidium, which is taken advantage of in separating these two 
allied metals. 

Cmsium (m. p. 27” ; sp. gr. 1.88) appears to be even more highly electro-positive 
than rubidium, forming a strong alkali, caesium hydroxide, and salts which are 
isomorphous with those of potassium. Caesium carbonate, however, is soluble in 
alcohol, which does not dissolve the carbonates of potassium and rubidium. 
Moreover, the caesium bitartrate is nine times as soluble in water as the rubidium 
bitartrate is. 

Caesium has been found in lepidolite ; and the rare mineral pollux, found in 
Elba, and resembling felspar in composition, is said to contain a very large quan- 
tity of this metal. The alum of the island of Vulcano is mentioned as a rich 
source of caesium and rubidium. 

Metallic caesium cannot be obtained by reduction with carbon, but it has 
been extracted by decomposing its cyanide by the galvanic current. 

1 93. General review of the group of alkali metals. — Csesium, rubidium, 
potassium, sodium, and lithium constitute a group of elements con- 
spicuous for their highly electro -positive character, the powerfully 
alkaHne nature of their hydroxides, and the general solubility of their 
salts. Their chemical characters and functions are directly opposite to 
those of the electro-negative group containing fluorine, chlorine, bromine^ 
and iodine, and, like those elements, they exhibit a gradation of pro- 
perties. Thus, csesium appears to be the most highly electro-positive 
member, rubidium the next, then potassium and sod^ium, whilst lithium 
is the least electro-positive; and just as iodine, the least electro-negative 
of the halogens, possesses the highest atomic number, so csesium, the least 
electro-negative (or most electro -positive) of the alkali-metals, has a 
higher atomic weight than any other member of this group, their 
atomic weights being represented by the numbers, csesium, 133 ; rubi- 
dium, 85.5 ; potassium, 39 • sodium, 23 ; lithium, 7. As in the case of 
the halogens, also, these are all univalent elements. Just as chlorine is 
accepted as the representative of chlorous radicles, so potassium is com- 
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monly regarded as tlie type of hasylous radicles, the term radicle being 
applied to all substances, whether elementary or compound, which are 
capable of being transferred, like chlorine or potassium, from one com- 
pound to another without suffering decomposition. 

Attention has been called (p. 278) to the gradation exhibited in some 
of the physical properties of these elements. 

In some of their salts a similar gradational relation is observed ; the 
carbonates, for example, of csesium, rubidium, and potassium are highly 
deliq[uescent, absorbing water greedily from the air, while carbonate of 
sodium is not deliquescent, and carbonate of lithium is sparingly soluble 
in water. The difficult solubility of the carbonate and phosphate of 
lithium constitutes the connecting link between this and the succeeding 
group of metals, the carbonates and phosphates of which are insoluble 
in water. 

BARIUM. 

Ba"= 137.4 parts by weight. 

194. Barium, so named from the great weight of its compounds 
i^apvs, heavy), is found in considerable abundance in the north of 
England, in two minerals known as Witherite (barium carbonate, BaOOg) 
and heavy spar or barytes (barium sulphate, BaSO^). Witherite is found 
in large masses in the lead mines at Alston Moor, and at Anglesark in 
Lancashire. It is said to be used for poisoning rats, and was originally 
mistaken, on account of its great weight, for an ore of lead. All salts 
of barium are poisonous. 

The metal itself is obtained by decomposing fused barium chloride 
by the galvanic current, or by sodium. It is a pale yellow malleable 
metal of sp. gr. about 4 ; it is easily oxidised by air, and rapidly 
decomposes water at common temperatures. It reqmres a high tem- 
perature to fuse it. Barium and its salts impart a green colour to a 
flame. 

Such compounds of barium as are used in the arts are chiefly pi’epared 
from heavj’’ spar or barium sulphate, which is remarkable for its in- 
solubility in water and acids. In order to prepare other compounds of 
barium from this refractory mineral, it is ground to powder and strongly 
heated in contact with charcoal or some other carbonaceous substance, 
which removes the oxygen from the mineral in the form of carbonic 
oxide, thus converting the barium sulphate into barium -sulphide ; 
BaSO^ + Oj = ICO + BaS. This latter compound, being soluble in water, 
can be readily converted into other barium compounds. 

The artificial barium sidphate, which is used by painters, instead of 
white lead, under the name of permanent white [blanc fixe), and is 
employed for glazing cards, is prepared by mixing the solution of barium 
sulphide with dilute sulphuric acid, Avhen the barium sulphate sepa- 
rates as a white precipitate, which is collected, washed, and dried — 

BaS + H.BO^ = ILS + BaSO^. 

The artificial barium carbonate, which is used in the manufacture of 
some kinds of glass, is prepared by passing carbonic acid gas through 
a solution of barium sulphide, when the carbonate is precipitated : 
BaS + HjO 4- CO„ = II,S -f BaCO^. 

In preparing compounds of barium from heavy spar on the small scale it is 
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better to convert the sulphate into barium carbonate. 50 grs. of the finely 
powdered sulphate are mixed with ■ 100 grs. of dried sodium carbonate, 600 grs, 
of powdered nitre, and 100 grs. of very finely powdered charcoal. The mixture 
is placed on a heap upon a brick or iron plate, and kindled with a match, when 
the heat evolved by the combustion of the charcoal in the oxygen of the nitre 
fuses the barium sulphate with the sodium carbonate, when they are decomposed 
into barium carbonate and sodium sulphate; BaSO^ + Na^COg^NajSO^+BaCOj. 
The fused mass is thrown into boiling water, which dissolves the sod'ium sulphate 
and leaves the barium carbonate. The latter may be allowed to settle, and 
washed several times, by decantation, with distilled water, until the washings no 
longer yield a precipitate with barium chloride, showing that the whole of the 
sodium sulphate has been washed away and pure barium carbonate remains. 

Barivm oxide or baryta, BaO, may be obtained by strongly beating a 
mixture of barium carbonate and charcoal; BaC03 + C = BaO + 200. 
It is a heavy grey solid which combines with water with gi’eat evolution 
of heat to form barium hydroxide. 

Barium dioxide or peroxide, BaO, has been noticed under hydrogen 
dioxide (p. 60) and under Brin’s oxygen process (p. 35). 

Barium hyd/roxide Ba(OH)„, may be prepared by passing OO^ and 
steam over barium sulphide at a red heat, and decomposing the 
carbonate thus produced by a current of superheated steam; (i) 
BaS + C03 + H30 = BaC03 + H3S; (2) BaCOg + H „0 = Ba(OH)3 + CO,. 
It dissolves in boiling water, and crystallises in prisms. Crystallised 
barium hydroxide may be produced by adding 113 grms. of 
powdered barium nitrate to 340 c.c. of a boiling solution of NaOH, 
containing 85 grms. of commercial caustic soda in 567 c.c. of water; 
the solution becomes turbid from the separation of barium carbonate 
produced from the sodium carbonate in the hydroxide ; it is boiled for 
some minutes and then filtered ; on partial cooling, some crystals of 
undeeomposed barium nitrate are deposited, and if the clear liquid be 
poured off into another vessel and stirred, it deposits abundant 'crystals 
of barium hydroxide having the composition Ba(OII)„.8Aq ; these 
effloresce and become opaque when exposed to air, becoming Ba(OH)2.Aq; 
when heated to redness, they become pure, Ba(OH),, which fuses, but 
is not decomposed when further heated. The hydroxide is moderately 
soluble in water {baryta water), 100 parts of water dissolving 3 parts at 
the ordinary temperature ; the solution is strongly alkaline and absorbs 
carbonic acid gas from the air, depositing barium carbonate. 

Barium carbonate, Ba003, Witherite, has the sp. gr. 4.3. It may 
be prepared by precipitating barium chloride mth sodium carbonate. 
It is very insoluble in water, and is not decomposed by a red heat. 

Barium chloride, which is the barium compound most commonly 
employed in the laboratory, may be obtained by dissolving the carbonate 
in diluted hydrochloric acid, and evaporating the solution ; on cooling, 
the chloride is deposited in tabular crystals, BaCl^-eAq. 

On the large scale, it is generally manufactured by fusing heavy spar with 
calcium chloride (the residue from the preparation of ammonia, see p. 133) in a 
reverberatory furnace, BaSO^ + CaCL = CaSO^ + Bad,. The mass is "rapidly 
extracted with hot water, which leaves the calcium sulphate undissolved, and the 
clear solution of barium chloride is decanted and evaporated. If the calcium 
sulphate and barium chloride were allowed to remain long together in contact 
with the water, barium sulphate and calcium chloride would be reproduced. 
This process has been improved by adding chalk and coal-dust to the mixture, 
when (i) BaSO^+C4=BaS-f4CO ; (2) BaS-fCaCl,=BaCl„-rCaS. The calcium 
sulphide forms an insoluble compound with the lirue from the chalk. 
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Barium cUoride is easily soluble in water, but insoluble in alcohol 
and in strong acids. JBao'iuTii hvoniide is soluble in alcohol. 

Barium nitrate,^ Ba(N03)2, is obtained by dissolving the carbonate in 
diluted nitric acid, and evaporating tlie solutioUj wlien octahedral crystals 
of the nitrate are deposited. It is an ingredient in some kinds of 
blasting powder used by miners. If barium nitrate be heated in a 
porcelain crucible, it fuses and is decomposed, leaving a grey porous 
mass of baryta ; ^ Ba(N03)j = BaO + ellOg + O. 

Barium, chlorate, Ba(C103)2, is employed in the manufacture of fce- 
works, being prepared for that purpose by dissolving the artificial barium 
carbonate in solution of chloric acid ; it forms beautiful shining tabular 
crystals. When mixed ivith combustible substances, such as charcoal 
and sulphur, it imparts a brilliant green colour to the flame of the 
burning mr^ure (see p. 18 1). 

Barium sulphate, BaSO^, found as heavy spar or cawh, has the sp. gr. 
4.5. It is precipitated whenever sulphates and barium salts meet in 
solution. ■ It is remarkable for its insolubility in Avater and acids, and 
is the form in which either barium or sulphur is determined in quanti- 
tative analysis. It dissolves in hot strong H^SO^, and the solution, on 
cooling, deposits crystals of acid barium sulphate, BaH„(S04)2. 

Barium sulphide, BaS, prepared as described above, - dissolves in 
water with decomposition, yielding barium hydroxide and sulphydrate ; 
2 BaS + 2H2O = Ba(0H)2 ■+ Ba(SH)2. It has the property of shining in 
the dark after it has been exposed to the action of light. 


STEONTIUM. 


Sr" =87. 5 parts by weight. 


195. Strontium is less abundant than barium, and occurs in nature 
in similar forms of combination. Strontianite, the strontium carbonate 
(SrCOg), Avas first discovered in the lead-mines of Strontian in Argyle- 
shii'e, and has since been found in small quantity in some mineral 
Avaters.^ SrOOj is more easily dissociated by heat than is BaOOg, but 
less easily than is CaCOg. 

Celestine (so called from the blue tint of many specimens f) is the 
strontium sulphate (SrSOJ, and is found in beautiful crystals associated 
Avith the native sulphur in Sicily. It is also met Avith in this country, 
and is the source fi’om Avhich the strontium nitrate employed in firework 
compositions is derived. The strontium sulphate resembles barium 
sulphate Avith respect to its insolubility, and is converted into the 
soluble strontium sulphide (SrS) by calcination AAuth carbonaceous matter. 
The solution of strontium sulphide so obtained is decomposed by nitric 
acid, and the strontium nitrate ciystallised from the solution. It has 
the pi’operty of imparting a magnificent crimson colour to flames, and 
IS hence lai’gely used for the preparation of red theatrical fife (see 
p. 

Ihe metal itself is prepared in a similar manner to metallic barium, t 


• Coulaiuing, according to Eatnmelsberg, much barium peroxide, 
i y ® presence of ferroso-ferric phosphate. 

I btrontmm has been made in quantity by distilling strontium amalgam in hydrogen, 
str ° ® prepared by the action of sodium-amalgam on a saturated solution of 
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whicli it mtich resembles, but is lighter (sp. gr. 2.54) and more fusible. 
It burns, when heated in air, with a crimson flame. 

Strontia, SrO, resembles BaO, but does not absorb 0 when heated. 

Strontmm dioxide, SrOj, is precipitated, in combination with water, 
when a solution of strontia in water is mixed Avith hydrogen peroxide. 

Strontium hydroxide, Sr(0H)2, is made on the large scale by heating 
the native strontium sulphate with brown iron ore (hydrated ferric oxide) 
and coal-dust. On treating the product with water, ferrous sulphide re- 
mains undissolved, and Sr(0Il)2 passes into solution. It is used in 
sugar refining. It is less soluble than barium hydroxide, and is converted 
into SrO by heat. 

Strontium nitrate, Sr(!N’03)2, may be prepared by dissolving strontianite 
in nitric acid. It crystallises from hot strong solutions in anhydrous 
octahedra. Cold solutions deposit prisms of Sr(N03),.4Aq. (Barium 
nitrate is always anhydrous.) Strontium nitrate is easily soluble in 
water, but insoluble in alcohol. 

Strontium chloride, SrCl^, differs from BaClj in being deliquescent and 
soluble in alcohol. It crystallises in prisms, SrCl2.6Aq. 

Strontium sidphate, SrSO^, is not so heavy as BaSO^ ; sp. gr. 3. It 
is slightly soluble in water, and is easily converted into SrOOg bj’’ alka- 
line carbonates, in the cold, which is not the case with BaSO^. 

CALCIUM. 

Ca"=40 parts by weight. 

196. Uo other metal is so largely employed in a state of combination 
as is calcium, for its oxide, lime (CaO), occupies among bases much the 
same position as that which sulphuric acid holds among the acids, and 
is used, directly or indirectly, in most of the arts and manufactures. 

Like barium and strontium, calcium is found, though far more abun- 
dantly than these, in the mineral kingdom, in the forms of carbonate 
and sulphate, but it also occurs in large quantity as calcium fluoride 
(p. 198), and less frequently in the form of phosphate (p. 240). Calcium, 
moreover, is found in all animals and vegetables, and its presence in 
their food, in one form or other, is an essential condition of their 
existence. 

' Metallic calcium may be obtained by decomposing fused calcium iodide 
wiuh metallic sodium. It has a light golden-yellow colour, is harder 
than lead, and very malleable ; it oxidises slowly in air at the ordinary 
temperature, but, when heated to redness, it fuses and burns with a very 
brilliant white light, being converted into lime {calx^. It decomposes 
water at the ordinary temperature. It is lighter than barium and 
strontium, its specific gravity being 1.58, and it is mox’e easily fused. 
Its salts impart a red colour to a colourless flame. 

Cabbonate op lime, or Calcium cakbonate (CaO.CO, or CaCO,,) 
from which all the manufactured compounds of lime are derived, con- 
stitutes the difierent varieties of limestone which are met with in such 
abundance. 

Limestones and chalk are simply calcium carbonate in an amorphous 
or uncrystallised state ; they are known to the agriculturist as mild 
lime. The oolite limestone, of which the Bath and Portland building- 
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stones are composed, is so-called from its resemblance to tbe roe of fisb 
(w6r, an egg). Marble, in its different varieties, is an assemblage of 
minute crystalline grains of calcium carbonate, sometimes variegated by 
the presence of oxides of iron and manganese, or of bituminous matter. 
This last constituent gives the colour to black marble. Calcium car- 
bonate is also found in large transparent rhombohedral crystals, which 
are known to mineralogists as calcareous spar, calc spar, or Iceland spar, 
and calcite (sp. gr. 2.7), When the crystals have the form of a six-sided 
prism, the mineral is termed aragonite (sp. gr. 3). The attention of the 
crystallographer has long been directed to these two crystalline forms 
of calcium carbonate, on account of the circumstance that if a prism of 
aragonite be heated, it breaks up into a number of minute rhombohedra 
of calc spar. Satin spar is a variety of calcium carbonate. When 
slowly deposited from its solution in carbonic acid, calcium carbonate 
gives six-sided prisms of CaOOj.sAq. 

Calcium carbonate is a chief constituent of the shells of fishes and of 
egg-shells, so that, except calcium phosphate, no mineral compound has 
so large a share in the composition of animal frames. Corals also con- 
sist chiefly of calcium carbonate derived from the skeletons of innumer- 



Fig. 220. — Limekiln. 
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Fig. 221. — Limekiln. 


able^ minute insects. The mineral gaylussite is a double carbonate of 
calcium and sodium (CaCO3.Na3CO3.5Aq), and is scarcely affected by 
water unless previously heated, when water dissolves out the sodium 
carbonate. Baryia-calcite is a double carbonate of barium and calcium 
(BaC 03 .CaC 03 ). 

TjIME (CaO). — ^The process by which lime is obtained from the car- 
bonate has heen alreadj’’ alluded to under the name of lime-burning. 
At a red heat calcium carbonate begins to decompose into CaO and COj : 
but unless the CO, he removed, it prevents further decomposition, so 
that^ marble or chalk cannot be completely decomposed in a covered 
crucible, a lime-kiln must have a good draught to cai'ry off the 
CO,. At 812° 0 . the dissociation-pressure (p. 291) of CaC03 is 763 mm;, 
and this is the best temperature for lime-burning.’^ 

precipitated UaC03 is heated to about 1000° 0 . under such conditions that none 
of Us OU; can escape, it is converted into marble. ’ • 
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Accordingly, a kiln is commonly employed of the form of an inverted 
cone of brick-work (fig. 220), and into this limestone and fuel are thrown 
in alternate layers. The former, losing its CO^ before it reaches the 
bottom of the furnace, is raked out in the form of burnt or quick lime 
(OaO), whilst its place is supplied by a fresh layer of limestone thrown 
in at the top of the kiln. Eig. 221 represents another form of kiln, in 
which the limestone is supported upon an arch built with large lumps of 
the stone above the fire, which is kept burning for about three days and 
nights, until the whole of the limestone is decomposed. 

The usual test of the quality of the lime thus obtained consists in 
sprinkling it with water, with which it should eagerly combine, evolving 
much heat,* swelling to about 2^ times its bulk, and crumbling to a light 
white powder of calcium hydrate {slaked lime), Oa(OH)2. Lime which 
behaves in this manner is termed fat lime ; whereas, if it be found to 
slake feebly, Tt is pronounced a foor lime, and is known to contain consi- 
derable quantities of foreign substances, isuch as silica, aluminia, magnesia, 
&c. Lime is said to be overburnt when it contains har’d cinder-like 
masses of silicate of lime, formed by the combination of the silica, which 
is generally found in limestone, with a portion of the lime, under the 
influence of excessive heat in the kiln. Air-slaked lime has slaked by 
simple exposure to air ; it has absorbed COj as well as H,0, and con- 
tains 57 per cent. CaOOg and 43 per cent. Oa(OH)„. 

Calcium hydroxide Ca(OH)2, is much less soluble in water than is 
barium or strontium hydroxide. It requires 700 parts of cold water to 
dissolve it, and twice as much hot water, so that lime-water always gives 
a precipitate when boiled. The solution is strongly alkaline, and readily 
absorbs CO^ from the air, which precipitates CaCOj. When lime water 
is evaporated in vacuo over H^SO^, it deposits small crystals of Ca(0II)3. 

Oa(OII)2 is easily converted into OaO by heat. It is used in manu- 
facturing chemistry as the cheapest alkaline substance. 

Eor the applications of lime in mortars and cements, see Chemistry of 
Building Materials, section 307. 

Calcium dioxide, CaO„ is precipitated in combination with SHjO, 
when solution of sodium peroxide is added to one of a calcium salt. 

Calcmm nitrate, 0a(N03)2 4Aq, differs from those of Ba and Sr by 
being deliquescent, much more soluble in water, and soluble in alcohol. 
It occurs in well-waters and in soils, the ISTOj having beet formed by 
oxidation of NII3. 

197. Sulphate op lime, or Calcium sulphate, in combination with 
water (CaS0^.2H20), is met with in nature, both in the form of trans- 
parent prisms of selenite, and in opaque and semi-opaque masses known 
as alabaster and gypsum. It is this latter form which yields plaster of 
Paris, for when heated to between 150° and 200° 0 . it loses f of its 
water, becoming 20aS0^.H,0, and if the mass be then powdered, and 
mixed with water, the powder recombines with the water to form a 
mass, the hardness of which nearly equals that of the original gypsum. 

In the preparation of plaster of Paris, a number of large lumps of 
gypsum are built up into a series of arches, upon which the rest of the 
gypsum is supported ; under these arches the fuel is burnt,' and its 
flame is allowed to traverse the gypsum, care being taken that the tem- 

* Tho sudden slaking of a large quantity of lime may be a cause of fire. The tem- 
perature may rise to 150° C. 
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peratuve does not rise too high, or the gypsum is overhurnt, and sets 
very slowly with water. W^hen tlie operation is supposed to he coni” 
pleted, the lumps are carefully sorted, and those which appear to have 
been properly calcined are ground to a vei’y fine powder. W^hen this 
powder is mixed with water to a cream, and porired into a mould, the 
minute particles of calcium sulphate combine with water to reproduce 
the original gypsum (OaSO^.cHgO), and this act of combination is 
attended with a slight expansion which forces the plaster into the' 
finest lines of the mould. The setting is due to the fact that a small 
portion of the plaster (2CaSO^.B;jO) dissolves in the water, crystallising 
again immediately as 0aS0^.2ll2O, thus leaving the water free to dis- 
solve another portion of cCaSO^.HgO, which crystallises in its turn as 
CaSO^.aH^O. Thus the mass soon becomes one of interlaced crystals 
of CaSO^.^HjO. An addition of one-tenth of lime to the plaster 
hardens it and accelerates the setting, 

Stixcco consists of plaster of Paris (occasionally coloured) mixed with 
a solution of size ; certain cements used for building purposes are pre- 
pared from burnt gypsum, which has been soaked in a solution of alum 
and again burnt j and although the plaster thus obtained takes much 
longer to set than the ordinary kind, it is much harder, and therefore 
takes a good polish. Plaster of Paris is much damaged by long ex- 
posure to moist air, from which it regains a portion of its water, and 
its property of setting is so far diminished. Precipitated calcium sul- 
phate is used by paper-makers under the name of pearl hardener. 
Calcium sulphate is useful in the farmyard and stables for absorbing 
the ammonia of the decomposing excrements, which would otherwise 
be lost to the manure. 

CaSO^ forms the mineral anhydrite., a bed of which, when exposed to 
the air in a railway cutting, has been known to increase in bulk by 
absorbing water to such an extent as to disturb the stability of the 
sides of the cutting. Calcium sulphate is contained in most natural 
waters, and is one of the chief causes of the permanent hardness which 
. is not removed by boiling. It is much more soluble in water 'than is 
strontium sulphate, so that sulphates will precipitate calcium only from 
strong solutions. The aqueous solution of OaSO^ precipitates barium 
salts immediately, but strontium salts only after an interval, on account 
of the greater solubility of SrSO^. The calcium sulphate is more 
soluble in water at 35° C. than at any other temperature, i part of 
CaSO^ then dissolving in about 400 parts of water. It is insoluble in 
alcohol. Boiling HCl dissolves it, and deposits it in needles on cooling. 

Calcium chloride (CaCI,) has been mentioned as the re.sidue left in 
the preparation of ammonia. The pure salt may be obtained by dis- 
solving pure calcium carbonate {^Iceland spar') in hydrochloric acid, and 
evaporating the solution, when prismatic crystals of the composition 
CaOlj.dAq are obtained, which dissolve in one-fourth of their Aveight of 
cold^Av.ater. When these are heated they melt at 29° C., and at about 
200° 0 . are converted into a white porous mass of 0aCl,.2Aq, which is 
much used for drjung gases. At a higher temperature, fused calcium 
cbloridej free from "water, is left; tliis is very useful for removing 
water from some liquids. "When heated in air, it evolves chlorine and 
becomes alkaline. A saturated (325 per cent.) solution of calcium 
chloride boils at 355° F. (180° O.), and is sometimes used as a con- 
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venient bath for obtaining a temperature above the boiling point of 
water. In consequence of the attraction of calcium chloride for water, 
surfaces wetted with a solution of the salt never get dry. Rope mant- 
lets, for the protection " of gunners, are saturated with it to prevent 
their taldng tire. Calcium chloride is easily soluble in alcohol. ' ■ 

When Ca(blT)j is boiled with a strong solution of calcium chloride, 
it is dissolved, and the filtered solution deposits prismatic crystals of 
ccdcium oxycliloride, CaCl2.3CaO.15Aq, which are decomposed by water. 

Ghlm'ide of lime; see p. 177. 

Calcium fluoride, CaF,) already described a,sfluoi' spar (p. 198), occurs 
in the bones and teeth. Many specimens of it decrepitate and emit a 
phosphorescent light when heated. It fuses at a red heat, and is used 
in metallurgy as a flux, since it attacks silicates at a high temperature. 
Calcium fluoride is slightly soluble in hot HCl, and is reprecipitated by 
NII3. It is obtained as a gelatinous precipitate insoluble in acetic acid 
when CaClg is added to an alkali fluoride. Artiflcial teeth are made of 
calcium fluoride. 

Calcium sulphide (CaS) has lately acquired some importance, on account of its 
presence in Balmain's luminous paint. Its property of shining in the dark after 
exposure to a bright light was observed by Canton in 1761 ; his so-called 
phosphorus was obtained by strongly heating oyster-shells with sulphur. The 
phosphorescence is not due to slow oxidation, since a specimen which has been 
kept for more than a century in a sealed tube still exhibits it ; traces of Na and 
Li greatly enhance it. 

When CaO is acted on by H^S, it yields a crystalline calcium hi/druudphide, 
CafSHlj. When this is heated* in H„S, it is decomposed ; Ca(SH)2= CaS -)- H„S. 
The CaS is a white solid, soluble in water. When Ca(SH)j is exposed to air," it 
deliquesces, evolves HjS, and becomes Ca(SH)f^OH) ; CafSHlj-l-HgOrrHoS-t- 
Ca{SH)(OH), Calcium sulphide occurs, combined with CaO, in the tank-ioasie of 
the alkali-works. A solution of Ca(SH)„ is used as a depilatory. 

Calcium phosphate, Ca3(PO^)2, occurs in the minerals apatite, phos- 
phorite, sombrerite, and coprolite ; in the two first it is combined with 
calcium fluoride, forming 3Ca3(POj2-C'aFj, and this is also contained in 
bone-ash, of which Ca3(PO^)2 forms the larger proportion (So per cent.). 
This is sold as a non-mercurial plate poioder, under the name of white 
rouge. Calcium phosphate is nearly insoluble in water, but it is dis- 
solved by HOI or HNO3, and is precipitated again by ammonia. When 
OaOlj is added to NajHPO^, a gelatinous precipitate is obtained, which 
becomes crystalline after a short time. The gelatinous precipitate dis- 
solves easily in acetic acid, but the crystalline precipitate does not, and 
if the solution of the gelatinous precipitate in very little acetic acid be 
allowed to stand, or briskly stirred, it deposits crystals of OaHPO^.2 Aq. 
This salt is found in calculi in the sturgeon. 

Tetra-hydrogen calcium phosphate, H^CafPO^),, commonly called super- 
phosphate of lime, is made by decomposing Ca3(P04)2 with sulphuric acid ; 
Ca3(POj2+ 2H2S0^ = H^Ca(P04)2-l- zCaSOj ; the calcium sulphate is 
filtered OS’, and the superphosphate is left in solution. The pure super- 
phosphate may be prepared by dissolving bone-ash in HOi, precipitating 
Avith ammonia, and digesting the washed precipitate of Ca3(PO^)2 with 
HjPO^; Oa3(POj2 + 4H3PO^ = 3CaH^(PO^)2. On allowing the solution 
to evaporate spontaneously, the salt crystallises in rhomboidal plates 
containing a molecule of Avater. It is dissolved by a small quantity of 
AA'ater, but it is decomposed and precipitated by much Avater, or b}’’ 
boiling j CaH^(PO^)2 = H3P0^ -f OaHPO^. The. commercial superphos- 
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phate manure, prepared by decomposing ground mineral phosphates with 
sulphuric acid^ is valued by the agriculturist for the large amount of 
soluble phosphate which it contains. In course of time, the proportion 
of soluble phosphate is found to have decreased, and the phosphate is 
said to have reverted to the insoluble form ; one reason assigned for 
this is the action of the superphosphate upon some undecomposed 
0a3(P04)2 remaining in the compound, resulting in the formation of the 
insoluble hydrocalcium phosphate — OaH^(POj)2 + Oa3(PO^)j = 4CaHPO^. 
Another cause for this retrogression of the superphosphate which has 
been prepared from mineral phosphates, is the presence of the sulphates 
of aluminium, magnesium, and iron, wliieh gradually convert the phos- • 
phoric acid into insoluble forms. 

Oalcium pyropJwsjjhate, Ca.P„ 0 „ when exposed for several hours to a dull red 
heat, forms a perfectly transparent glass of sp. gr. 2.6, which may be worked into 
prisms and lenses like ordinary glass, its refractive power being equal to that of 
crown glass. It is not acted on by acids in the cold, and even resists hydrofluoric 
acid. 

Calcium ammonium arsenate, CaNH^AsO^.yAq, is obtained as a white precipitate 
by mixing CaClj with excess of NHj, and adding arsenic acid. The precipitate 
is gelatinous at first, but changes rapidly into flue needles, especially if_ stirred. 
It is slightly soluble in water, but almost insoluble in ammonia. Dried in vacuo, 
over sulphuric acid, it becomes Ca^NH^H^lAsO^I^.gAq. Dried at 100°, it has the 
formula Ga5NH,H5(As04)s.3Aq. Heated to redness, it becomes calcium pyro- 
arsenate, Oa^ASoO,. 

Calcium ortho-drsenate, Caj(AsOdi, and metarsenate, Ga.[AsO^^ have also been 
obtained. 

Calcium silicates are found, associated with silicates of other metals, in many 
minerals. They also enter into the composition of most glasses. Window glass 
contains the silicates of calcium and sodium. Bohemian glass contains silicates 
of calcium and potassium. 

ig 8 . General revieio of the metals of the alkaline earths. — Barium,’ 
strontium, aud calcium form a highly interesting natural group of metals 
related to each other in a most remarkable manner. They exhibit a 
marked gradation in their attraction for oxygen : barium is more readily 
tarnished or oxidised, even in dry air, than strontium, and strontium 
more readily than calcium. The hydroxides of the metals exhibit a similar 
gradation in properties ; barium hydroxide does not lose Water, however 
strongly it may be heated, whereas the hydroxides of strontium and cal- 
cium lu-e decomposed at a red heat. Then barium hydroxide and strontium 
hydroxide are far more soluble in water than is calcium hydroxide, and all 
these three exhibit a very decided alkaline reaction which entitles them 
to the name of alkaline earths. 

Among the other compounds of these metals, the sulphates may be 
named as presenting a gradation of a similar description ; for barium 
sulphate may be said to be insoluble in water, strontium sulphate dissolves 
to a very slight extent, and calcium sulphate is much more soluble, 

Ihe manner in which these metals are associated in nature is alsonot 
without its significance: for if two of them are found in the same 
mineral they will usually be those which stand next to each other in 
the group ; thus stx’ontium cai’bonate is found together with barium 
carbonate in witherite, Avhilst calcium carbonate is associated with 
strontium sulphate in celestine. Again, strontium cai'bonate is often 
fonim with foilcium carbonate in aragonite. Such facts lend support to 
the hyi^otheses of Craokes and others as to the possible evolution of the 
elements. 
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MAGNESIUM. 

Mg" =24.3 parts by weight. 

199. Magnesium is found, like calcium, though less abundantly, in 
each of the three natural kingdoms. Among minerals containing this 
metal, those -with which we are most familiar are certain combinations 
of silica and magnesia (silicates of magnesium) known by the names of 
talc, steatite or Frermh chalk, asbestos, and meerschaum, which always 
contains water. Magnesite is a carbonate of magnesium. Most of the 
minerals containing magnesium have a remarkably soapy feel. The 
compounds of magnesium, which are employed in medicine, are derived 
either from the mineral dolomite, or magnesian limestone, which contains 
the cai’bonates of magnesium and calcium, or from the magnesium 
sulphate which is obtained from sea water and from the waters of many 
mineral springs. 

Metallic magnesium has acquired some importance during the last few 
years as a source of light. When the extremity of a wire of this metal 
is heated in a flame, it takes fire, and burns with a dazzling white light,* 
becoming converted into magnesia (MgO). If the burning wire be 
plunged into a bottle of oxygen, the combustion is still more brilliant. 
The light emitted by burning magnesium is capable of inducing chemical 
changes similar to those caused by sunlight, a circumstance turned 
to advantage for the production of photographic pictures by night. 
Attempts have been made to introduce magnesium as an illuminating 
agent for general purposes, but the large quantity of solid magnesia 
produced in its combustion forms a very serious obstacle to its use. 
The metal' is extracted from magnesium chloride by fusing it -with 
sodium, using sodium chloride and calcium fluoride to promote the 
fusibility of the mass. 

On a small scale, magnesinm may be prepared by mixing 900 grs. of magnesium 
chloride with 150 grs. of calcium fluoride, 150 of fused sodium chloride, and 150 of 
sodium ' cut into slices. The mixture is thrown into a red-hot earthen crucible, 
which is then covered again and heated. When the action appears to have 
terminated, the fused mass is stirred with an iron rod to promote the union of 
the globules of magnesium. It is then poured upon an iron tray, allowed to 
solidify, broken up, and the globules of magnesium separated from the slag; they 
may be collected into one globule by throwing them into a melted mixture of 
chlorides of magnesium and sodium and fluoride of calcium. 

In most of its physical and chemical characters, magnestum resembles 
zinc, though its colour more nearly approaches that of silver ; in ductility 
and malleability, it also surpasses zinc. It is nearly as light, however, 
as calcium, its specific gravity being 1.74. It fuses between 700° 0 . and 
800° 0 ., and may be distilled like zinc. Cold water has scarcely any action 
upon magnesium ; even when boiled, it oxidises the metal very slowly. 
In the presence of acids, however, it is rapidly oxidised by water. 
Solution of ammonium chloride also dissolves it, owing to the tendency 
of the magnesium salts to form double salts with those of ammonium ; 
4NH^01-bMg = (NII^),Mg 01 ^ + H,-f 2NII3. Magnesium is one of the 
few elements which unite directly with nitrogen at a high temperature. 
The magnesium nitride, MggNj, has been obtained in transparent 
crystals, and is evidently composed after the type 2NII3, so that it is 

* A wire of 0.33 millimetre diameter gives a light of 74 candle-power. 
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not surprising that the action of water upon it gives rise to magnesia 
and ammonia j + sH^O = 2NH3 + sMgO. 

If a foot of magnesium tape be burnt in air, the residue evolves much 
ammonia when boiled with water. 

Magriesia, MgO, occurs, crystallised in octahedra, as the mineral 
periclase. It is prepared by decomposing magnesium ^rbonate by heat, 
and is a light white powder, very infusible (so that it is used for making 
basic fire-bricks) and scarcely affected by water. It dissolves easily in 
acids. 

Magnesium hydroxide., Mg(OH)2, also occurs crystallised as bmeite. 
"When MgO is mixed with water, combination takes place, but not with 
much evolution of heat, as with BaO, SrO, and OaO. If excess of 
water be avoided, the mass sets like plaster of Paris. Mg(OH)2 is pre- 
cipitated when an alkali is added to a magnesium salt. The hydroxide 
slowly absorbs CO, from the air, and is easily decomposed by heat into 
MgO and HjO. It is used in extracting sugar from the beet. 

Magnesium carbonate, MgCOj, is found as magnesite, which is imported 
from Greece. It is unaffected by water, and does not effervesce so 
briskly with acids as do the other carbonates. It is easily decomposed 
by heat into MgO and CO^. 

When a salt of magnesium is precipitated by an alkali carbonate, 
the precipitate is not the normal carbonate, as in the cases of Ba, Sr, 
and Ca, but a basic carbonate, or a compound of the carbonate and 
hydroxide. Ordinary magnesia alba, or light carbonate of magnesia, is 
prepared by precipitating magnesium sulphate with sodium carbonate, 
and boiling; it generally has the composition 5Mg003.2Mg(0H)„.7Aq ; 
yMgSO^-f- 7]SrajC03-h 2 HjO = 5Mg003.2Mg(0H)3-l- ^Na^SO^-p 200'„. In 
preparing the heavy carbonate, the mixed solutions are evaporated 
to dryness, and the sodium sulphate washed out of the i-esidue by 
water. These light and heavy carbonates, when calcined, yield light 
and heavy magnesia, the former haying 3 1 times the bulk of the 
latter. 

Magnesium carbonate, like calcium carbonate, is soluble in carbonic 
acid, and is present in most natural waters, causing temporary hardness, 
the MgCOg being precipitated by boiling. 

When magnesia alba is dissolved in carbonic acid water, and the 
solution exposed to air, needles of MgC03.3Aq are deposited. If this 
be boiled with water, it loses CO, and becomes a basic carbonate. 

Dolomite or magnesian limestone, is a mixture of magnesium carbonate 
and calcium carbonate in variable proportions. Magnesium carbonate 
is prepai'ed from it by heating it sufficiently to decompose the MgCOj, 
and exposmg it, under pressure, to the action of water and CO„ when 
the MgO is dissolved and the CaCOj is left. By passing steam through 
the solution, the basic magnesium carbonate is precipitated. 

The sidphate of magnesia or magnesium sulphate, so well known as 
Epsom salts, is sometimes prepared by calcining dolomite to expel the 
carbonic acid gas, washing the residual mixture of lime and magnesia 
with water to remove part of the lime, and treating it with sulphmic 
acid, which conveits the calcium and magnesium into sulphates ; and 
since calcium sulphate is almost insoluble in water, it is leadily separated 
froni the magnesium^ sulphate which passes into the solution, and is 
obtained by evaporation in prismatic crystals, having the composition 

Y 
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MgSO4.H3O.6Aq. Epsom salts are now made from Kieserite, MgS04.HjO, 
found in the Stassfurt salt-beds. This is almost insoluble in water, but, 
when kept in contact with it, is slowly converted into MgS04.7H30. 
The preparation of Epsom salts from sea water has already been alluded 
to (p. 313). In some parts of Spain, magnesium sulphate is found in 
large quantities (like nitre in hot climates) as an efflorescence upon the 
surface of the soil. This sulphate, as well as that contained in well- 
waters, appears to have been produced by the action of the calcium sub ' 
phate, originally present in the water, upon magnesian limestone rocks ; 
MgC 03 -I- OaSO^ = MgSO^ -p CaCOg. 

The crystals MgS04.7H20 fuse easily, and become MgS04.H30 at 
150° C. The last HgO, can only he expelled at above 200°, and is 
tQYm.Qd.i\iQ toater of constitidion ; at a red heat the anhydrous salt melts. 

The water of constitution in the magnesium sulphate may be 
displaced by the sulphate of an alkali-metal without alteration in its 
crystalline form ; a double sulphate of magnesium and potassium 
(MgSO4.K3SO4.6Aq), and a similar salt of ammonium may he thus 
obtained. The mineral polylialite {irdkvs, many, dXs, salt) is a remark- 
able salt, containing MgSO4.K2SO4.2CaSO4.2H3O.* Water decomposes 
it into its constituent salts. 

Epsom salts dissolve very easily in water, but not in alcohol. If the aqueous 
solution be mixed with enough alcohol to render it turbid, small'oily drops 
separate, from which small crystals presently shoot out, and the liquid becomes, 
by degrees, a pasty mass of very light needles closely interlaced. These contain 
7H2O. An aqueous solution crystallised at above 70° C. deposits MgSO4.H2O.5Aq; 
at 0°, crystals of MgSO4.H2O.11Aq are formed. 

Phosphates of magnesium. — Mg3(P04)2 is contained in bones and in some seeds. 
MgHP04.7Aq is the precipitate produced by Na2HP04 in magnesium salts ; it is de- 
composed by boiling with water; 3MgHP04-=H3P04-t-Mgg(P04)2. MgNH4P04.6A_q 
is deposited in crystals from alkaline urine, and forms triple phosphate calculi. 
It is precipitated by Na2HP04 from a magnesium salt to which NHj has been 
added ; MgS04 + NHg + Na2HP04 = Na2S04 + MgNH4P04. Ammonium chloride 
should be added first to prevent the separation of Mg(OH)2. The precipitation 
is much promoted by stirring; the MgNH4P04 is sparingly soluble in water, 
and almost insoluble in ammonia ; when it is heated to redness, 2MgNH4P04= 
Mg2P20, + 2NH3 + H20. In quantitative analysis, Mg and P are generally deter- 
mined in this form.” 

Magnesium-ammonium arsenate, MgNH4As04.6H20, is very similar, and is used 
in determining arsenic. 

Magnesium borate and chloride compose the mineral stassfurtite ; hydroboracito 
is a hydrated borate of calcium and magnesium. 

Serpentine (2Si03.3(Mg,Ee)0) and olivine (8103.3 (Mg, Fe) 0 ) are 
silicates of magnesia and ferrous oxide. Some of the varieties of 
serpentine are employed for preparing the compounds of magnesium, 
for they are easily decomposed by acids with separation of silica. The 
minerals, asbestos, meerschaum, steatite, and talc consist chiefly of 
magnesium silicates. 

Pearl spar is a crystallised carbonate of calcium and magnesium. 

Magnesium chloride is important as the source of metallic magnesium. 
It occurs in sea-water, in brine-springs, and in many natural waters. 
It is easily obtained in solution by neutralising hydrochloric acid with 
magnesia or its carbonate ; but if this solution be evaporated in order to 
obtain the dry chloride, a considerable quantity of the salt is decomposed 

• Polyhalite is found iu the salt-beds of Stassfurt. Kainite, from the same locality, is- 
JS: 2 S 04 .MgS 04 .MgCl 2 . 6 Aq. 
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by the water at the close of the evaporation, leaving much magnesia 
mixed with the chloride (MgClj + I'IjO = 2lICl + MgO). Ibis decom- 
position may be prevented by mixing the .solution with three parts of 
ddoride of ammonium for every part of magnesia, when a double salt, 
MgCU.aNH^Gl, is formed, which may be evaporated to dryness without 
decoruposition, and loaves fused magnesium chloride when further heated, 
the ammonium chloride being volatilised. The magnesium chloride 
absorbs moisture very rapidly from the air, and is very soluble in water. 
Like all the soluble salts of magnesium, it has a decidedly bitter taste. 
When magnesia is moistened with a strong solution of magnesium 
chloride, it sets into a hard mass like plaster of Paris, apparently from 
the formation of an o.xj’chloride. It may he mixed with several times 
its weight of sand, and will bind the sand firmly together, 

GarnaUlie, KGI.MgClj. 6 Aq, is found in crystals in the Stassfurt salt 
mines. It is decomposed b)* water into its constituent salts. Bischofiie, 
MgClj.bAq, is found together ndth carnallite. 

The aimnonium magmsmm chloride, NH^Cl.MgClj.GAq, is not decom- 
posed by ammonia, which therefore gives no precijjitate in solutions of 
magnesium to which KH^Ol has been added in suificient quantity. 

Magnesium stands apart from other metals, on the one band, by the 
non-precipitation of its sulphide, and, on the other, by the tendency of 
all its salts, except the phosphate and arsenate, to form soluble com- 
pounds with the salts of ammonium. 

ZINC. 

Zn"=65.3 parts by weights 2 vols. 

200. Zinc occupies a high position among useful metals, being pecu- 
liarly fitted, on account of its lightness, for the construction of gutters, 
water-pipes, and roofs of buildings, and possessing for these purposes a 
great advantage over lead, since the specific gi’avity of the latter metal 
is about 1 1.5, whilst that of zinc is only 7. For such apjfiications as 
these, where great strength is not required, zinc is preferable to iron, on 
■ account of its superior malleability ; for although a bar of zinc breaks 
under the hammer at the ordinary temperature, it becomes so malleable 
. at 250“ F. (121" 0 .) as to admit of being rolled into thin sheets. This 
malleability of zinc when heated was discovered only in the commence- 
ment of this century, until which time the only use of the metal was in 
• the manufacture of brass. When zinc is heated to 400° F. (204° 0 .), it 
again becomes brittle, and may be powdered in a mortar. The easy 
fusibiUty of zinc also gives it a great advantage over iron, as rendering 
it easy to be cast into any desired form ; indeed, zinc is surpassed in 
fusibility (among the metals in ordinary use) only by tin and lead, its 
melting point being below a red heat, and usually estimated at 779° F. 
(415° C'.). Zinc is also less liable than iron to corrosion under the in- 
fluence of moist air, for although a bright surface of zinc soon tarnishes 
when exposed to the air, it merely becomes covered with a thin film of 
zinc oxide (passing gradually into basic carbonate, by absoi'ption of car- 
bonic acid from the air) which protects the metal from further action. 

The ^eat strength of iron has been ingeniously combined with the 
durability of zinc, in the so-called galvanised iron, which is made by 
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coating clean iron with melted zinc, thus affording a protection ihuch 
needed in and around large towns, where the sulphurous and sulphuric 
acids arising from the combustion of coal, and the acid emanations from 
various factories, greatly accelerate the corrosion of unprotected iron. 
The iron plates to be coated are first thoroughly cleansed by a process 
Avhich will be more particularly noticed in the manufacture of tin-plate, 
and are then dipped into a vessel of melted zinc, the surface of which is 
coated with sal ammoniac (ammonium chloride) in order to dissolve the 
zinc oxide which forms upon the surface of the metal, and might 
adhere to the iron plate so as to prevent its becoming uniformly coated 
with the zinc.^ A more firmly adherent coating of zinc is obtained by 
first depositing a thin film of tin upon the surface of the iron plate by 
galvanic action, and hence the name galvanised iron. 

The ores of zinc are found pretty abundantly in England, chiefly in 
the Mendip Hills in Somersetshire, at Alston Moor in Cumberland, in 
Cornwall and Derbyshire, but the greater part of the zinc used in this 
country is imported from Belgium and Germany, being derived from 
the ores of Transylvania, Hungary, and Silesia. 

Metallic zinc is never met with in nature. Its chief ores are cala- 
mine or zinc carbonate (ZnCOg), blende or zinc sulphide (ZnS), and red 
zinc ore, in which zinc oxide (ZnO) is associated with the oxides of iron 
and manganese. 

Calamine is so called from its tendency to form masses resembling a 
bundle of reeds {calamus, a reed). It is found in considei’able quan- 
tities in Somersetshire, Cumberland, and Derbyshire. A compound of 
zinc carbonate with zinc hydroxide ZnC0j.2Zn(0H)„, is found abundantly 
in Spain. The mineral known as electric calamine {hemimorphite) is a 
silicate of zinc (zZnO.SiOj.HjO), which becomes electrified when heated. 
Blende derives its name from the German blenden, to dazzle, in allusion 
to the brilliancy of its crystals, which are generally almost black from 
the presence of iron sulphide, the true colour of pure zinc sulphide 
being white. Blende is found in Cornwall, Cumberland, Derbyshire, 
Wales, and the Isle of Man, and is generally associated with galena or 
lead sulphide, which is always carefully picked out of the ore before 
smelting it, since it would become converted into lead oxide, which 
corrodes the earthen retorts employed in the process. 

Before extracting the metal from these ores, they are subjected to a 
preliminary treatment which brings them both to the condition of zinc 
oxide. For this purpose the calamine is simply calcined in a reverbera- 
tory furnace, in order to expel carbonic acid gas; but the blende is 
roasted for ten or twelve hours, with constant stirring, so as to expose 
fresh surfaces to the air, when the sulphur passes off" in the form of 
SO,, and its place is taken by the oxygen, the ZnS becoming ZnO. The 
extraction of the metal from this zinc oxide depends upon the circum- 
stance that zinc is capable -of being distilled at a bright red heat, its 
boiling point being about 930° O. 

The facility with which this metal passes off in the form of vapour is 
seen when it is melted in a ladle over a brisk fire, for at a bright red 
beat abundance of vapour rises from it, which, taking fire in the air, 

* The 6al ammoniac acts upon ihe heated zinc according to the equation, Zn+2NH4C1= 
ZnCU+aNHa+Ho, and the zinc chloride which is formed dissolves the oxide from the 
surface of the metal, producing zinc oxychloride. 
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burns untlv a brilliant greenish-white light, throwing off into the air, 
numerous white flakes of light zinc oxide {tho 2>}iiloso2)her s tvool, or ml 
albim of the old chemists). 

The distillation of zinc may be effected on the small scale in a black-lead crucible 
(A, fig. 222) about 5 inches high and 3 in diameter. _ A hole is drilled through the 
bottom with a round file, and into this is fitted a piece 
of wrought-iron gas-pipe (B) about nine inches long and 
I inch wide, so as to reach nearly to the top of the 
inside of the crucible. Any crevices between the p'pa 
and the sides of the hole are carefully stopped up with 
fireclay moistened with solution of borax. A few ounces 
of zinc are introduced into the crucible, the cover of 
which is then carefully cemented on with fireclay^ (a 
little borax being added to bind it together at a high 
temperature), ahd the hole in the cover is stopped up 
with fireclay. The crucible having been kept for several 
hours in a warm place, so that the clay m.ay dry, it is 
placed in a cylindrical furnace with a hole at tlic 
bnttcioi, throngh which, the icon, pipe may pass, and a 
lateral opening, into which is inserted an iron tube 
(O) connected with a forge bellows. Some lighted 
charcoal is thrown into the furnace, and when this 
has been blown into a blaze, the furnace is filled up 222. 

with coke broken into small pieces. The fire is then Distillation of zinc, 
blown till the zinc distils freely into a vessel of water _ _ _ 

placed for its reception. Four ounces of zinc may be easily distilled in half 
an hour. 

The original English method for extracting zinc from tbe^ I'oasted ores 
consisted in mixing the ground ore with about half its weight of coke, 
and strongly heating the mixture in crucibles provided with tubes, like 
that figured above ; the zinc was thus distilled per descensum in the 
manner described in the preceding paragraph. The reduction of zinc 
oxide by carbon is represented by the equation ZnO -j- C = Zn + CO. 

This reaction is found to be endothermic when its thermal value is calculated 
from ordinary data (see p. 283), which will account for the very high temperature 
required to effect the reduction ; this is probably aided by the volatility of zinc, 
which escapes from the sphere of action as soon as it is 
liberated, and allows a mass action of the carbon to come 
into play (see p. 284). 

At the present day the reduction and distillation of 
zinc is effected in retorts, which are either of the 
Belgian or the Silesian type j the construction of each 
. will be understood from the accompanying figures. 

, At Liege, in Belgium, calamine is exposed to the rain for 
several months in order to wash out the clay ; it is then cal- 
cined and mixed with half its weight of coal dust, and 
distilled in cylindrical fireclay retorts ( 0 , fig. 223), holding 
about 40 lbs. each, and set in seven tiers of six each in the 
same furnace, the vapour of zinc being conveyed by a short 
conical iron pipe (B) into a conical iron receiver (D), which 
is emptied every two hours into a large ladle, from which 
the -zinc is poured into ingot moulds. Each distillation Fig. 223. 
occupies about twelve hours. The advantage of this particular Belgian zinc furnace. . 
mode of_ arranging the cylinders is, that it economises fuel 
by allowing the poorer^ ores, which require less heat to distil all the zinc from 
them, to be introduced into the upper rows of cylinders farthest from the fire (A). 
There are two varieties of Belgian ore, one containing 33 and the other 46 per 
cent, of zinc, but a large proportion of this is in the form of silicate, which-is not 
extracted by the distillation. 

In Silesia the zinc oxide is mixed with fine cinders, and distilled in arched 
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Fig. 224. 



Fig. 225. — Silesian zinc furnace. 


earthen retorts (A, fig. 224), into which the charge is introduced through a small 
door (B), which is then cemented up. The retorts are arranged in a double row 
in the same furnace (fig. 224), and the vapour of zinc is condensed in a bent 
earthenware pipe attached to each retort, and having an opening (C) near the 
bend, which is kept closed, unless it is necessary to clear out the pipe. 

The Silesian zinc is remelted, before casting into ingots, in clay 
instead of iron pots, since melted zinc always dissolves iron, and a very 

small quantity of that 

■1 metal is found to injure 

^ ~ zinc when required for 
rolling into sheets. 

A small quantity of 
lead always distils over 
together with the zinc, 
and since this metal also 
interferes with the roll- 
ing of zinc into sheets, a 
portion of it is separated 
from zinc intended for 
this purpose, by melting 
the spelter, in large quan- 
tity, upon the hearth of 
a reverberatory furnace, 
the bed of which is in- 
clined so as to form a 
deep cavity at the end 
nearest the chimney. The 
specific gravity of lead being 11.4, whilst that of zinc is 7, the former 
accumulates chiefly at the bottom of the cavity, and the ingots cast 
from the upper part of the melted zinc will contain but little lead, 
since zinc is not able to dissolve more than 1.5 per cent, of that metal 
at 400° C. 

Ingots of zinc, when broken across, exliibit a beautiful crystalline 
fracture, which, taken in conjunction with the bluish colour of the 
metal, enables it to be easily identified. The spelter of commerce is 
liable to contain lead, iron, tin, antimony, arsenic, copper, cadmium, 
magnesium, and aluminium. Belgian zihc is usually purer than the 
English metal. 

Zinc being easily dissolved by diluted acids, it is necessary to be care- ' 
ful in employing this metal for culinary purposes, since its soluble salts 
are poisonous. 

It will be remembered that the action of diluted sulphuric acid upon 
zinc is employed for the preparation of hydrogen. Pure zinc, however, , 
evolves hydrogen very slowly, since it beqomes covered with a number 
of hydrogen bubbles which protect it from further action ; but if a piece 
of copper or platinum be made to touch the zinc beneath the acid, these 
metals, being electro-negative towards the zinc, will attract the electro- 
positive hydrogen, leaving the zinc free from bubbles and exposed on all 
points to the action of the acid, so that a continuous disengagement of 
hydrogen is maintained. As a curious illustration of this, a thin sheet 
of platinum or silver foil may be shown to sink in diluted sulphuric 
acid, until it comes in contact with a piece of zinc, when the bubbles 
of hydrogen bring it up to the surface. The lead, iron, &c., met with 
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in commercial zinc, are electro-negative to the zinc, and thus servo to 
maintain a constant evolution of hydrogen. 

• Zinc also dissolves in boiling solutions of potash and soda, evohnng 
hydrogen; 2K0H-f Zn = Zn{OK)3-l-Hj. Even solution of ammonia 
dissolves it slowly. When heated with Ca(OII)j it evolves hydrogen. 

A coating of metallic zinc ma)' be deposited upon copper by slow 
galvanic action, if the copper he immersed in a concentrated solution 
of potash, at the boiling point of water, in contact with metallic zinc, 
when a portion of the latter is dissolved in the form of oxide, with 
evolution of hydrogen, and is afterwards precipitated on the surface of 
the copper. 

is metallic zinc which has condensed in a fine powder in 
smelting the ores. It is very useful in the laboratory as a reducing 
agent. 

^Z 7 ic oxide (ZnO). — Zinc forms but one oxide, which is knovTi in 
commerce as zinc-white or Chinese white, and is prepared by allovdng 
the vapour of the metal to burn in earthen chambers through which a 
current of air is maintained. It is practically insoluble in water, and 
is sometimes used for painting in place of white lead (basic lead car- 
bonate), over which it has the advantages of not ininring the health of 
the persons using it, and of being unafiected by sulphuretted hydrogen, 
an important considemtion in manufacturing' towns where that sub- 
stance is so abundantly supplied to the atmosphere. Unfortunately, 
however, the zinc oxide paint is more liable to peel off than is white 
lead paint. The zinc oxide has the characteristic property of becoming 
yellow when heated, and white again as it cools. Its sp. gr. is 5.6. It 
is sometimes used in the manufacture of glass for optical purposes. 
At the temperature of the electric arc it is volatile. 

Zinc hydroxide, Zn(OH)„, is precipitated in a gelatinous state when caustic 
alkalies are added to solutions containing zinc ; the precipitate dissolves in the 
excess of alkali, and, if this be not too great, is reprecipitated by boiling. 
Ammonia does not precipitate zinc hydroxide from solutions containing ammo- 
nium salts, since zinc resembles magnesium in forming double salts containing 
ammonium. Zinc hydroxide is easily decomposed by beat ; Zn( 0 H).,=Zn 0 -)-H„ 0 . 

. Zinc nitride, ZnjN; — When zinc ethide (see Organo-mineral Compounds) is acted 
on by ammonia, it is converted into zinc-diamine; Zn(C,Hj)2-f 2NH3=Zn(NH„).-t- 
aOjHg {ethyl hydride). When zinc-diamine is heated, out of contact with airj it 
gives zinc nitride ; 3Zn(NH2)j=Zn3N,-t-4NH3. The nitride decomposes with 
water, evolving much heat ; Zn3N„+ 3H„0 = 2NH3 + 3ZnO. 

Zinc carbonate, ZnCOj, as found in nature {calamine, SmitJisonite) 
forms rhombohedral crystals. Part of the zinc in the mineral is often 
replaced by isomorphous metals, such as cadmium, magnesium, and 
ferrous iron. ZnCOg is precipitated when ZnSO. is boiled vnth KHCO, ; 
ZnSO^ -b 2 KHCO3 ~ EnCOj -f- K^SO^ -1- HgO -{■ CO3. The normal alkali 
carbonates precipitate basic carbonates of variable composition (as 
is the case with magnesium). The jjrecipitate produced by ammonium 
carbonate is soluble in' excess. 

Zinc cjiloride, ZnClj (= 136.5 = 2 vols.), is prepared by dissolving Zh 
or ZnO in HCl, and evaporating.* If the solution contains a little HOI 
in excess, it deposits octahedral crystals of ZnCU.K^O. The solution 
like that of MgCl^, undergoes partial decomposition when evaporated 
leaving an oxychloride ; ^ when this residue is distilled, ZnOl, passes 

* If I*"®*! I’® present, it may be separated by adding a little chlorine water to peroxidise 
it, and precipitating it as hydrated ^6203 hy adding zinc carbonate. 
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over. It may also be obtained by distilling a mixture of zinc sulphate 
and sodium chloride. Zinc chloride is a deliquescent solid, very soluble 
in water, alcohol, and ether. Its attraction for water renders it a power- 
ful caustic, and it is used as such in surgery. A. strong solution of 
ZnClg dissolves much ZnO, and if the solution of oxychlm'ide thus 
formed be mixed with water, precipitates are obtained which contain 
Zn(OH)Cl and Zn(0H)2. Solution of ZnCl„ dissolves paper and cotton, 
and the oxychloride dissolves wool and silk. This is sometimes useful 
in examining textile fabrics. 

Burnett’s disinfecting flidd is a solution of zinc chloride, and is cap- 
able of absorbing HjS, NHj, and other offensive products of putrefac- 
tion, as well as of arresting the decomposition of wood and animal 
substances. Zinc chloride is also used in soldering, to cleanse the 
metallic surface, and the careless use of this poisonous salt in soldering 
tins of preserved food has frequently caused accidents. 

Zinc chloride is sometimes made from pyrites containing blende. 
This is burnt as usual to furnish SO, for the manufacture of sulphuric 
acid, when the ZnS is converted into ZnSO^ which is extracted from 
the spent pyrites by water, and decomposed with sodium chloride, when 
Ha^SO^ is deposited in crystals, leaving ZnOl^ in solution. 

When zinc oxide is moistened with a strong solution of zinc chloride, 
an oxychloride is formed, which soon sets into a hard mass, forming a 
very useful stopping for teeth. 

Zinc sulphate, or white vitriol, ZnSOj.HjO.dAq, beai’S a dangerous 
resemblance to Epsom salts, but it loses its water of crystallisation at 
100° 0 ., and is decomposed at a very high temperature into ZuO, 
sulphru’ dioxide, and oxygen, whereas MgSO^ bears fusion without 
being decomposed. Hence ZnSO^, when heated to redness, leaves a 
residue which is yellow when hot and white when cold. 

At temperatures above 40° 0 . zinc sulphate crystallises as ZnSO^ 
HgO.sAq, which is isomorphous with the corresponding salt of mag- 
nesium. Like the magnesium sulphate, it forms double sulphates, in 
Avhich the H ,0 is replaced by alkali sulphates. ZnSO^.K^SO^.dAq 
and ZnS0^.(N”H4)2S04.6Aq are isomorphous with the Mg double salts. 
Like all other truly isomorphous salts, the sulphates of magnesium and 
zinc crystallise together from their mixed solutions. 

It is made on the large scale by roasting blende (zinc sulphide, ZnS) 
at a low red heat, when it combines with O from the air to form 
ZnSO^, which is dissolved out by water and crystallised. It has a 
metalHc, nauseous taste, and is used medicinally and in dyeing. 

Zinc sidp)hide, ZnS, as found native, is usually crystallised in oota- 
hedra or dodecahedra, coloured black by ferrous sulphide {black Jack), 
Pale yellow specimens are sometimes found. When precipitated by a 
soluble sulphide from a solution of a zinc salt it is perfectly white, but it 
darkens somewhat when exposed to air and light. 

An intimate mixture of zinc-dust with half its weight of flowers 
of sulphur burns like gunpowder when kindled with a match, 
leaving a bulky ma.ss of ZnS, which is primrose-yellow while hot, and 
white on cooling. Zinc sulphide is insoluble in water, in alkalies, 
and in acetic acid, but dissolves in HCl and in HNO3. It may 
be sublimed in colourless crystals by strongly heating in a current 
of H,S. 
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Zinc silicate is fovind as electric calamine, Znj>SiO^.Aq, in rhombic 
crystals. Zinc phosphate forms the mineral hopeite, Zn3(POj3.4Aq. 

Zinc difiei-s from all the other common metals in being precipitated 
as a white sulphide. 

CADMIUjM. 

Cd'’= II2 parts by weight = 2 vols. 

201. This metal is found in small quantities in the ores of zinc, its 
presence being indicated during the extraction of that metal (p. 341) 
by the appearance of a brown flame {brotoyi blaze) at the commence- 
ment of the distillation, before the characteristic zinc flame is seen at 
the orifice of the receiver. Cadmium is more easily vaporised than zinc, 
boiling at 770° C., so that the bulk of it is found in the fii’.st portions of 
the distilled metal. If the mixture of cadmium and zinc be dissolved 
in diluted sulphuric acid, and the solution treated with hydrosulphuric 
acid gas, a bright yellow precipitate of cadmium sulphide (CdS) is 
obtained, which is employed in painting under the name of cadmia or 
cadmium yelloio.'^' By dissolving this in strong hydrochloric acid and 
adding ammonium carbonate, cadmium carbonate (CdCOj) is precipitated, 
from which metalliccadmium may beextracted by distillation with charcoal. 

Although resembling zinc in its volatility and its chemical relations, 
in appearance it is much more similar to tin, and emits a crackling 
sound like that metal when bent. Like tin, also, it is malleable and 
ductile at the ordinary temperature, and becomes brittle at about 
82° C. Cadmium is slightly heavier than zinc, sp. gr. 8.6, and is much 
more fusible, becoming liquid at 320° C., so that it is useful for 
making fusible alloys. An alloy of 3 parts of cadmium with 16 of 
bismuth, 8 of lead, and 4 of tin, fuses at 60° 0 . In its behaviour 
with acids and alkalies cadmium is similar to zinc, but the metal is 
easily distinguished from all others Ijy its yielding a characteristic 
chestnut-broAvn oxide when heated in air. This oxide (OdO) is the only 
oxide of cadmium. 

Cadmium chloi'ide, OdOlj.cAq, effloresces in air, whilst zinc chloride 
deliquesces. Moreover, it may be dried without undergoing partial 
decomposition. It is fusible and volatile like zinc chloride. 

Cadmium bromide, CdBr, 4Aq, and the iodide, Cdl^, are used in 
photography. 

Cadmium sulphate, OdSO^.8 Aq is much less soluble than zinc sulphate. 

Cadmium differs from all the other metals in forming a yellow 
sulphide insoluble in alkalies, so that its salts, mixed with excess of 
ammonia, and treated with HjS, give a yellow precipitate. 

BERYLLIUM, OR GLUCINUM. 

Be" or Gl"= 9 parts by weight. 

202 . This comparatively rare metal (which derives its name from the sweet 
taste of its salts, 7 Xuki5s, sweet) is found associated with silica and alumina in 
the emerald, which is a double silicate of AhOj and BeO (ALOg-SBeO.dSiO.,), and 
appears to owe its colour to the presence of a minute quantity of chromium oxide. 
The more common mineral heryl or aquamarine, has a similar composition, but is 

* The darker varieties of this pigment contain thallium. • 
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of a paler green colour, apparently caused by iron. Chrysoberyl consists of 
Al.jO3.BeO, also coloured by iron. The earlier analj'sts of these minerals mistook 
the beryllium oxide for alumina, which it resembles in forming a gelatinous pre- 
cipitate on adding ammonia to its solutions, but it is a stronger base than alumina, 
and is therefore capable of displacing ammonia from its salts, and of being dis- 
solved by them. Ammonium carbonate is employed to separate the beryllium 
oxide from alumina, since it dissolves the former in the cold, forming a double 
carbonate of beryllium and ammonium, from which the beryllium carbonate is 
precipitated on boiling. Beryllium oxide, BeO, is intermediate in properties 
between alumina and magnesia, resembling the latter in its tendency to absorb 
carbonic acid from the air, and to form soluble double salts with the salts of 
ammonium, and so much resembling alumina in the gelatinous form of its hydrate, 
ils solubility in alkalies, and the sweet astringent taste of its salts, that it was 
formerly regarded as a sesquioxide like alumina. By the radiant matter test 
(p. 305), beryllium oxide phosphoresces of a bright blue colour. 

The metal itself is very similar to aluminium ; it is prepared by passing the 
vapour of its chloride, BeCL, over melted sodium. Itssp. gr. is 1.S5, and it melts 
above a red heat. 

Genej’al revieio of the magnesmm group oj metals. — This group includes 
Be, Mg, Zn, Cd and Hg. As in the case of the preceding groups of 
metals, the melting-point falls with the rise of atomic weight (Hg= 200 
melts at - 39° C.), whilst the specific gravity and atomic volume (p. 278) 
rise with the atomic weight (sp. gr. Hg= 13. s).**' Their order of chemical 
energy, on the other hand, is the reverse of that of the metals of the 
preceding groups, falling with rise of atomic weight. Their oxides are 
practically insoluble in water, and are less basic as the molecular weight 
increases. The carbonates are easily decomposed by heat ; the sulphates 
are more easily decomposed than those of the metals of the preceding 
groups and appear to decrease in stability with rise of molecular weight. 
The vapours of these metals contain monatomic molecules (p. 289). 

Mercury will be considered later. 

ALUMINIUM. 

Al"'= 27 parts by weight. 

203. Aluminium is distinguished among metals, as silicon is among 
non-metallic bodies, for its immense abundance in the solid mineral por- 
tion of the earth, to which, indeed, it is almost entirely confined, for it 
is present in vegetables and animals in so small a quantity that it can 
scarcely be regarded as forming one of their necessary components. 
Church has, however, found it in certain cryptogamous plants, espe- 
cially in the Lycopodiums ; the ash of Lycopodium alpimim yielding 
one-third of its weight of alumina. 

One of the oldest rocks, which appears to have originally formed the 
basis of the solid structure of the globe, is that known as granite. This 
mineral, which derives its name from its conspicuous granular structure, 
is a mixture, in variable proportions, of quartz, felspar, and mica, tinged 
of various colours by the presence of small quantities of the oxides of 
iron and manganese. 

Quartz, which forms the translucent or transparent grains in the 
gi’anite, consists simply of silica; felspar, the dull, cream-coloured, 
opaque part, is a combination of silica with oxides of aluminium and 
potassium, of the composition ]l20.3Si05.A],03.3Si02. 

• The atomic volume of Mg is greater than that of Zn. 
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. Mica, so named from the glittering scales which it forms in the granite, 
is also a double silicate of alumina and potash, K20.3Ah,03.4Si0,, but 
the AljOj is very frequently displaced by FcoOj and the K ,0 by MgO. 

J3y the long-continued action of air and water, the granite is ^adually 
crumbled down or disintegrated, an effect which must be ascribed to a 
concurrence of mechanical and chemical causes. Mechanically, the rock is 
continually worn down by variations of temperature, and by the congela- 
tion of water within its minute pores, the rock being gradually split by 
the expansion attendant upon such congelation. Chemically, the action 
of water containing carbonic acid would tend to remove the potash from 
the felspar and mica in the form of carbonate of potash, whilst the 
silicate of alumina and the quartz would subsequently be sepai’ated by 
the action of water ; the former being so much lighter, would be soon 
washed away from the hea\y quartz, and, when again deposited, would 
constitute clay, the purest form of wliich is kaolin (AkOj.zSiOj.eHoO). 

Although clay, therefore, always consists mainly of silicate of alumina, 
it genei'ally contains some uncombined silicic acid, together with variable 
quantities of Kme, of oxide of iron, &c., which give rise to the numerous 
varieties of clay. Thus a pure Chinese kaolin will contain, per cent.r — 

SiO., AI3O3 H ..0 Fe-Oj ]\IgO Alkalies 

50.5 33.7 n'.2 i.S 0.8 1.9 

whilst Stourbridge fireclay will contain about 85 per cent, of this clay- 
substance and some 15 per cent, of silica as quartz. 

. The silicate of alumina also constitutes the chief portion of several 
other very important mineral substances, among which may be mentioned 
slate, fuller's earth, and immice-stone. Marl is clay containing a consider- 
able quantity of carbonate of lime. Loam is also an impure variety of 
clay. The different varieties of ochre, as well as umber and sienna, are 
simply- clays coloured by the oxides of iron and manganese. 

Alum, which is the chief compound of aluminium employed in the 
arts, is always obtained either from clay or slate, but there are several 
processes by which it may be manufactured. 

The simplest process is that in which pipe-clay, or some other clay 
containing very little iron, is calcined, ground to powder, and heated on 
the hearth of a reverberatory furnace -with half its weight of sulphuric 
acid, until it becomes a stiff paste, which is then exposed to air for 
several weeks. During this time the alumina of the clay is attacked by 
the sulphuric acid to form aluminium sulphate, which may be obtained 
by washing the mass with water, when the sulphate dissolves, and the 
undissolved silica (still retaining a portion of the alumina) is left. 
When the solution containing the aluminium sulphate is evaporated 
to a syrupy consistence and allowed to cool, it solidifies into a white 
crystalline mass, which is used by dyers under the erroneous name of 
concentrated alum or cake-alum, and contains about 47.5 per cent, of 
the dry salt. The aluminium sidphate can be obtained in crystals 
containing Al5(SO^)3.i8Aq,* but there is considerable difficulty in 
obtaining these crystals on account of the extreme solubility of the salt. 
It is on account of this circumstance that the aluminium sulphate is 
usually converted into alum, which admits of very easy crystallisation 
and pm'ification. In order to transform the sulphate into alum, its 

* The mineral alunogen found in New South Wales has this composition (Liversidge'). 
It forms fibrous masses like satin-spar, and occurs in sandstone rooks. 
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solution is mixed -with potassium sulphate, when, by suitable evapora- 
tion, beautiful octahedral crystals are obtained, having the composition 
AlK(S0,),.i2Aq.-' 

Alum is more commonly prepared from the mineral termed alum 
shale, which contains silicate of alumina, together with a considerable 
quantity of finely divided iron pyrites and some bituminous matter. 
This shale is coarsely broken up, and built into long pyramidal heaps, 
together mth alternate layers of coal, unless the shale should happen 
to contain a sufficient amount of bitumen. These heaps are kindled 
in several places, and are partly smothered with spent ore in order 
to prevent too great a rise of temperature. During this slow roasting 
of the heap, the iron pyrites (FeS^) loses half its sulphur, which is 
converted by burning into sulphurous acid gas (SO,), and this, in 
contact with the porous shale and the atmospheric oxygen, becomes 
converted into SO3 (p. 227). This latter combines with the alumina to 
produce sulphate of alumina. The roasted heap is then allowed to 
remain for some months exposed to the air, and moistened from time to 
time, in order to promote the absorption of oxygen by the sulphide of 
iron (FeS), and its conversion into sulphate of iron (FeSO^). This heap 
is afterwards lixiviated with water, which dissolves out the sulphates of 
aluminium and iron, together with some magnesium sulphate, which 
has also been formed in the process. When this crude alum liquor is 
evaporated to a certain extent, a lai'ge quantity of ferrous sulphate 
(green vitriol) crystallises out, and the liquid from which these crystals 
have separated is then mixed with so much solution of potassium chloride 
as a preliminary experiment has shown to be necessary to yield the largest 
amount of alum. The potassium chloride is obtained either from Stassf urt, 
or as soap-boiler’s waste, or as the refuse from saltpetre refineries and 
glass-houses. The ferrous sulphate still left in the solution is decomposed 
by the potassium chloride, yielding ferrous chloride, and potassium 
sulphate, which combines with the aluminium sulphate to form alum ; 
(i) FeSO, + 2KOI = K3SO, + FeCl^;^ (2) I^SO, + Al3(SOj3 = 2KA1(S0J2. 
The hot liquor is stirred while cooling, when ahmi meal is deposited in 
small crystals, and the Fed, remains in solution. The alum is redissolved 
in boiling water, and crystallised in barrels, which are taken to pieces to 
get out the large crystals. If there be much magnesium sulphate in the 
liquor, it is subsequently obtained in ci^^stals and sent into the market. 

Where ammonium sulphate can be obtained at a cheap rate (as in 
the neighbourhood of gasworks), it is very commonly substituted for 
the potassium chloride, when ammonia-alum is obtained instead of 
potash-alum. The former is similar in all respects to the latter salt, 
except that it contains the hypothetical metal ammonium (NH^) iii 
place of potassium, and its formula is therefore A1'N rTT^(j^r)^)^ To Ag. 

For all the uses of alum, in dyeing and calico-printing, in paper- 
making, and in the manufacture of colours, ammonia-alum answers 
quite as w'ell as potash-alum, and hence both these salts ai-e sold under 
the common name of alum. 

* When a supersaturated solution (p. 48) of these crystals is concentrated in a flask, 
stoppered with cotton-wool, until a film of solid appears on the surface of the liquor, the 
solution sets, on cooling, to a mass of prismatic crystals. By carefully removing the 
cotton- wool and introducing a crystal of the ordinary, octahedral alum, the whole of 
the already solidified substance may be made to slowly break up, the prismatic crystals 
being transformed into the octahedral variety, with much evolution of heat. 
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These alums ave the representatives of an important ' class of double 
sulphates, containing a monatomic and a triatomic metal. They all con- 
tain 12 molecules of water of crystallisation, and their crystalUne form 
is that of the cube or octahedron. Alum dissolves in one-third of its 
weight of boiling water, and in seven parts of cold water ; it is insoluble 
in alcohol. When heated, it fuses .and sw'ells up to a light porous mass 
of humt alum, h.a\dng lost its w.ater. 

The solution of alum is acid to test-papers. When solution of 
sodium carbonate is added to it by degi-ees, a precipitate of aluminium 
hydroxide is formed, which, .at first, is redissolved on stirring. The 
solution, to which sodium carbonate has been added as long as the 
precipitate redissblves, is used under the name of basic ahtm in dyeing, 
because stufl's immersed in it become impregnated wdth .alumina, w’hich 
serves as a mordant to attract and fix the colouring-matter when the 
stuff is transferred to a dye-bath. 

Aluminium sulphate is superseding alum in many .applications ; being 
prepared by treating clay or Bauxite (see p. 350) with suliihiuic acid, 
and precipitating the iron either as ferric arsenate or as Prussian blue. 

Alumina. — When ammonia-alum is strongly heated it le.aves a white 
insoluble earthy substance which is alumina itself (AhOj), and differs 
widety from the metallic oxides which have been hitherto considered, 
by the feebly basic character which it exhibits.’*' isot only is alumina 
destitute of alkaline properties, but it is not even cjipable of entirely 
neutralising the acids, and hence both aluminium sulphate and alum 
are exceedingly acid salts. 

Pure crystallised alumina is found in nature as the mineral corundum, 
distinguished by its extreme hardness, in which it ranks next to the 
diamond. An opaque and impure variety of corundum constitutes the 
very useful substance emery. The ruhy and sapphire'^ consist of nearly 
pure alumina ; spinelh is a compound of magnesia with alumina, 
MgO.AljOg ; whilst in the topaz the alumina is associated with silica 
and aluminium fluoride. In these forms the alumina is insoluble in 
acids, but it may be rendered soluble by fusion ^vith acid potassium sul- 
phate, or with alkali hydroxides. The mineral diaspore is a hydrate of 
alumina (Al,03.2Hj0), so named from its falling to powder when heated 
(Siacnropd, dispersion.') 

Aluminium hydroxide, Al3(0H)g, is found crystallised as hy dr argillite, 
or Gibbsite. 

The artificially prepared aluminiuin hydroxide is characterised by its gelatinous 
appearance. If a little alum he dissolved in warm water, and some ammonia 
added to the solution, the alumina will precipitate as a semi-transparent gelatinous 
mass of the hydrate A1„(0 H)b. 2H20. It is nearly insoluble in ammonia, but dissolves 
in potash and soda. Aluminium hydroxide may be obtained in solution in water 
by dissolving it in solution ofALOlg, and dialysing (seep. 122 ). It resembles 
solution of silicic acid in being very easily gelatinised. 'When washed and dried, 
the gelatinous hydroxide shrinks very much, and forms a mass resembling gum. 
The hydroxide has a great attraction for most colouring-matters, with which it 


The great absorption and disappearance of heat during the evaporation of the water 
and ammonia from this alum, has led to its employment for filling the space between the 
double walls of nre-proof safes, which may become red-hot outside, whilst the inside is 
kept below the scorching point of paper. 

f Small crystals of alumina resembling natural sapphire have been obtained bv the 
iwtion of vapour of aluminium fluoride upon boric anhydride at a high temperature 
By adding a little chromium fluoride, ciystals similar to rubies and emeralds have been 
produced. 
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forms insoluble compounds called lakes. Thus, if a solution of alum be mixed 
with infusion of logwood, and a little ammonia added, the aluminium hydroxide 
■wall form, with the colouring-matter, a purplish-red laic, which may be filtered 
oflr, leaving the solution colourless. This property is turned to advantage in 
calico-printing, where the compounds of alumina are largely used as mordants. 
By the radiant matter test (p. 305) alumina pho.sphoresces crimson. 

Aluminium chloride, AljOlg. — If the alumina obtained by calcining 
ammonia-alum be intimately mixed with charcoal, and strongly heated . 
in an earthen tube or retort through which a stream of well-dried 
chloi’ine is passed, the oxygen of the alumina is absti-acted by the 
charcoal, to form carbonic oxide, wliilst the chlorine combines with the 
aluminium, yielding aluminium chloride, which passes off in vapour, 
and may be condensed, in an appropriate receiver, as a white crystalline 
solid; Aip3-f-03-t-Clg = Al„01s-f-300._ 

AloOlg absorbs moisture from the air, and becomes partly decomposed 
into AhOj and HCl. By dissolving alumina in HOI and evaporating, 
needles of Al2Clg.i2H30 are obtained, but they are decomposed, when 
heated, into 6H01, and gHjO. An impure solution of aluminium 
chloride is sold' as a disinfectant under the name of cMoralum. 
Aluminium fluoride, AhFg, occurs in hryoUte, bNaF.AhFe, 

204. Aluminium . — The metal was originally prepared by fusing the 
chloidde, preferably in the form of the double chloride, Al„01g.2Ha01, 
with sodium, which abstracted the chlorine. How, however, aluminium 
is prepared by the electrolysis of a bath of fused cryolite containing 
aluminia dissolved in it ; the metal is deposited around the cathode, 
oxygen, and probably also fluorine, being evolved at the anode. 

The fused cryolite is contained in an iron crucible, and alumina is fed in during 
the process, the temperature necessary for fusion being maintained by the heat of 
the current. The crucible itself serves as the cathode, whilst a bundde of carbon 
rods, immersed in the liquid, constitutes the anode. The aluminium is run out from 
the bottom of the crucible as it collects there. The alumina is not prepared from 
alum, but from the mineral known as Bauxite, which contains alumina, together 
with peroxide of iron and silica.* This mineral is heated with soda-ash (see p. 314), 
when carbonic acid gas escapes, and the silica and alumina combine with soda to 
form silicate of soda, and a soluble compound of alumina with soda, which is 
generally called aluminate of soda, and has the composition 3Na,0. ALO3. On treat- 
ing the mass with water, an insoluble silicate of alumina and soda is left, whilst 
the aluminate of soda is dissolved, and is obtained as an infusible mass when the 
solution is evaporated. This aluminate of soda is largely used by calico-printers 
as a mordant. To obtain alumina from it, the solution is decomposed by carbonic 
acid gas, which converts the sodium into carbonate, and precipitates the alumina 
as Al„(OH)e, which is ignited to convert it into Al„Os,. 

Aluminium is less fusible than tin and zinc, but more so than silver, 
its fusing point being 625° O.f It requires a very high temperature to 
vaporise it. Like zinc, it is most easily rolled and bent between 100° 
and 150° 0. 

Aluminium is much more sonorous than most other metals. A bar 
of it suspended from a string, and struck with a hammer, emits a clear 
musical sound. It is remarkable as being the lightest metal (sp. gr. 2 .56) 
capable of resisting the action of air even in the presence of moisture. 

® This minertil is found at Baux, near Arles, in the South of France, and in Antrim, 
Ireland; it contains silica 15 to 17 per cent., alumina 60 to 65, peroxide of iron 4 to 8, 
water 15 to 17. When mixed with about 3 per cent, of clay ana 6 per cent, of graphite, it 
is said to form an excellent lining for steel-melting furnaces. 

f It is not easily fused before the blowpipe, as its surface becomes covered with 
infusible oxide. 
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This lightness renders it valuable for the manufacture of small weights, 
such as the grain and its fractions, since these, when made of aluminium, 
are moi-e than three times as large as when -made of brass, and nearl}^ 
nine times as large as platinum weights of the same denomination ; and 
for canteen vessels, for which pui'pose it is applicable since it is suffi- 
ciently resistant to the attack of vegetable and animal juices. It is also 
employed for ornamental purposes, for, though not so brilliant as silver, 
it is not blackened by sulphuretted hydrogen, which so easily affects 
that metal (see p. 213). Iron and silicon are the chief impurities in 
commercial aluminium. 

Another characteristic feature of aluminium is its comparative resist- 
ance to the action of nitric acid even at a boiling heat. No other metal 
commonly met with, except platinum and gold, is capable of resisting 
the action of nitric acid to the same extent. Hydrochloric acid, how- 
ever, Avhich win not attack gold and platinum, dissolves aluminium 
■with facility, converting it into aluminium chloride, with disengage- 
ment of hydrogen ; Al,-f- 6 HC 1 = AljClg-hH^. Solutions of potash and 
soda also easily dissolve it, foi’ming the so-called aluminates of 
those alkalies ; thus, 6NaOH Al2= Al2(0Na)g-f H^. Even when very 
strongly heated in air, aluminium is oxidised to a very slight extent, 
probablj’’ because the coating of alumina which is formed remains in- 
fusible and protects the metal beneath it. Eor a similar reason, 
apparently, aluminium decomposes steam but slowly, even at a high 
temperature. 

Aluminium decomposes water in the cold, if some aluminium iodide 
be present ; hydrogen being set free and Alj(0H)5 produced. 

When aluminium is fused with nine times its weight of copper, it 
forms an alloy {aluminium bronze) very similar to- gold in appearance, 
but almost as strong as iron. This alloy was strongly recommended to 
replace gold for ornamental purposes, but it does not retain its brilliancy 
so completely as that metal. Aluminium does not dissolve in cold 
mercury nor in melted lead, both of which are capable of dissolving 
nearly all other metals. 

205. Mineral silicates of alumina. — Many of the chemical formulte of 
minerals which contain silicates of alumina associated with the silicates 
of other metallic oxides, are complicated, from the circumstance that a 
part of the aluminium is often replaced by iron, which, in the form of 
sesquioxide (Fe^Og), is isomorphous with it, and therefore capable of re- 
placing it without altering the crystalline form and general character 
of the mineral. In a similar manner, the other metals present in the 
mineral may be exchanged for isomorphous representatives ; thus, there 
are two well-known felspars, potash-felspar {orthoclase) and soda-felspar 
{albite), having the formulae KgO.AlgOg.dSiOg and NagO.AlgOg.dSiO,. 
I'hese minerals are sometimes mingled in one and the same crystal 
{potash-albite or pericline) without bearing any definite equivalent pro- 
portion to each other ; the formula of such a mineral would be written 
(KNa)20.Al,03.6Si02. Porphyry has the same chemical composition as 
felspar. 


minerals viuscovite, iL,0.3Al„03.4Si0,, and biotite, 
3 Mg 0 .AL 03 . 3 Si 0 „. - - , 

Garnet is essentially a double silicate of alumina and lime, but often contains 
magnesium, iron, or manganese, replacing part of the calcium, and iron replacing 
part of the aluminium, being written 3CCaMgFeMnlO.CAlirehO3.3SiO,. This 
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mineral is sometimes formed artificially in the slag of the iron blast-furnaces. 
0 /ilorite has the composition^ 6[MgFe]0.[AlFe]j0a.3Si0„.4H20. 

Basalt is a felspathic rock containing crystals of augite ([Fe,Mg] 0 . SiOj) and 
magnetic oxide of iron. Cyanite, hyanite, or disthene is AhOg.SiOa ; a crystal of 
this is said to point north and south when freely suspended*. 

Gneiss is chemically composed like granite, but the mica is arranged in regular 
layers. Trap rock contains felspar together -v^ith liornhUnde,^ (^FeO.|MgO)SiO„. 
Hornblende is sometimes found replacing the mica in syeniiic granite. Lava, 
from volcanoes, consists essentially of ferrous, calcium, and aluminium silicates ; 
the presence of a considerable proportion of potassium and of phosphoric acid 
renders the soil formed by the weathering of lava very fertile. 

Lapis lazuli, the valuable mineral which furnishes the natural ultra- 
marine used in painting, consists chiefly of silica and alumina, which con- 
stitute respectively 45 and 25 per cent, of it, but there are also present 
10 per cent, of soda, 6 per cent, of sulphuric acid, about 3 per cent, of sul- 
phur, and a somewhat smaller quantity of iron, together with a variable 
proportion of lime. The cause of its blue colour is not understood, since 
neither of its predominant constituents is concerned in the production of 
such a colour in other cases. In consequence of the rarity of the mineral, 
the natural ultramarine has a very high price, but the artijicial rilira- 
ma/rine is manufactured in very large quantities at a low cost, and forms 
a very good imitation. One of the processes for preparing it consists in 
heating to bright redness in a covered crucible, for three or four hours, 
an intimate mixture of 100 parts of pure white clay (kaolin), 100 of 
dried carbonate of soda, 60 of sulphur, and 12 of charcoal. This would 
be expected to yield a mixture of silicate of soda, aluminate of soda, and 
sulphide of sodium, the two first being white, and the last yellow or 
brown, but the mass is found to have a grem colour {green ultramarine). 
It is finely powdered, washed with water, dried, mixed with a fifth of 
its weight of sulphur, and gently roasted in a thin layer till the sulphur 
has burnt ofi", this operation being repeated, with fresh additions of sul- 
phur, until the residue has a fine blue colour. In the opinion of some 
chemists, the presence of a small proportion of iron is essential to the 
blue colour, whilst others believe the colour to be due to sodium sul- 
phide or thio-sulphate, or both.* Ultramarine is a very permanent 
colour under ordinary conditions of exposure to the air and light, but 
acids bleach it at once, with separation of gelatinous silica and evolution 
of sulphuretted hydrogen. Blue writing paper is often coloured with 
ultramarine, so that its colour is discharged by acids falling upon it in 
the laboratory. Chlorine also bleaches ultramarine. Starch is often 
coloured blue with this substance. 

Phosphate of alumina, or aluminium phosphate, is found naturally in several 
forms. It occurs in large quantities in the West India Islands. Turquoise is a 
hydrated aluminium phosphate (AlPO^), owing its colour to the presence of oxide 
of Gopper.t Wavellite has the composition 3Al„03.2P„0j.i2H„0. None of the 
earlier analysts detected the phosphoric acid in this mineral, on account of the 
difficulty in separating it from the alumina, so that even in comparatively modern 
chemical works it is described as a hydrate of alumina. 

A gelatinous precipitate of AlPO^ is formed whenNa^HPO^ is added to solution 

* Heumann assigns to ultramarine the formula 2Na3Al2Si208.Na.2®2- Knapp attributes 
the blue colour to the presence of a modification of *sulphur which is only blue when 
spread over a large surface ; in this case acids would bleach the colour by destroying the 
surface. Potassium ultramarine, in which K replaces Na, is also blue, whilst silver 
ultramarine, in which .Ag replaces the Na, is yellow. 

t False or bone turquoise is fossil ivory, owing its colour to the presence of the natural 
blue phosphate of iron. liedonda phosphate consists chiefly of AlPO^. 
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of alum. It is soluble in -HCl and in potash, but insoluble in acetic acid, which 
distinguishes it from aluminium hydroxide. 

The valency of aluminium is not very satisfactorily settled. The vapour den- 
sities of its compounds with methyl and ethyl (see Organo-tnineral Compounds) 
would class it as a triad, Al'", but the vapour density of its chloride points to the 
formula ALClp and not AICI3.* This would indicate aluminium as a tetrad of 
which two atoms, singly linked, would give the hexad group (Ah'— Ah'’)''*. It is 
probably correct to regard ALC 1 „ as the formula for aluminium chloride at 
temperatures near to its boiling point, in the same sense that N^O^ is the formula 
for nitric peroxide at low temperatures. 

206. Gallium (Ga"'=69)is found in very small quantities in certain ores of 
zinc, particularly in the blende from Bensberg, in the Pyrenees. The roasted ore 
is treated with enough H„SO^ to dissolve nearly aU the zinc sulphide The residue, 
containing the gallium, is* dissolved in H^SO^, and the solution partly precipitated 
with sodium carbonate. The precipitate, containing all the gallium and part of 
the zinc, is dissolved in sulphuric acid, largely diluted and boiled, to precipitate 
the titanic acid. The solution is mixed with acid ammonium acetate, and treated 
with hy^osulphuric acid. The precipitate, containing zinc and gallium, is 
dissolved in sulphuric acid, and again partially precipitated with sodium 
carbonate, which gives a deposit rich in gallium ; this is dissolved in exactly the 
required quantity of sulphuric acid, diluted and boiled, when basic gallium 
sulphate is deposited ; on dissolving this in potash and decomposing the solution 
by the galvanic current, the gallium is deposited on the cathode. 

Gallium is a hard white metal of sp. gr. 5.9 remarkable for its low fusing point 
(30° C., 86° P.), so that it melts with the heat of the hand. It will remain liquid 
when cooled far below this temperature, but solidifies when touched with a piece 
of the solid metal. It is not oxidised by dry air until heated nearly to redness, 
and the oxidation is then only superficial. Nitric acid scarcely acts upon it in 
the cold, but dissolves it on heating. Hydrochloric acid dissolves it, with 
evolution of hydrogen. Potash has a similar action. 

Gallium sesquioxide, GaD^, left on igniting the nitrate, is white. When heated 
in hydrogen, a part sublimes, and the rest is converted into a bluish grey 
substance, which appears to be gallium oxide, GaO. Two chlorides, GaCL and 
GaClj, exist ; they are very fusible, volatile, and deliquescent. GaCL is oxidised 
to GaCL by potassium permanganate solution. 

_ Gallium sulphate, Gn.3(SO,)3, is very soluble in water ; the solution deposits a 
b’asic salt when boiled. It combines with ammonium sulphate to form an alum, 
the solution of which is also precipitated by boiling. 

Ammonia precipitates solutions of gallium, but the precipitate is more easily 
. soluble in excess than in the case of aluminium. Ammonium sulphide gives a 
precipitate only if zinc be present, when the gallium is precipitated together 
with the zinc. Potash gives a precipitate which dissolves easily in excess. 
Potassium ferrocyanide produces a white precipitate, similar to that yielded 
by zinc. 

The most delicate test for gallium (which led to its discovery) is the production 
of two violet bands in the spectrum, when an induction-spark passes from the 
positive terminal of a secondary coil to the surface of the solution under 
examination, into which the negative terminal of the coil is made to dip. 

From the description of its properties, it will be seen that gallium bears 
considerable resemblance to aluminium. 

207. Indium (In'"=ii3.7) is the name of a metal which was discovered,- with 
the help of the spectroscope, in a specimen of blende from Freiberg, and in some 
calamines. Its name refers to an indigo-blue line in the spectrum. It is a white 
malleable metal, and dissolves in hydrochloric acid. Its specific gravity, is 7.42. 
Fusing point, 176° C. Less easily converted into vapour than zinc or cadmium. 
Indium dissolves in HCl, forming InCL; in HNO3, forming In(N03)3; and in 
H„SO^, forming In3(SO J3, which crystallises with 9H3O, and forms an alum; 

Ammonia produces, in solutions of indium, a white precipitate, In(OH)3 ; 
insoluble in excess. Ammonium carbonate gives a precipitate soluble in excess 
and reprecipitated by boiling. When ignited, In(OH)3 yields the sesquioxide, 
IrijOj, which is brown when hot but yellow when cold. When this is heated in 
hydrogen, InO is produced. The chlorides, InCl, InCL, and InCL have been 

* Nilson and Petterson find that when heated to about 830° C. in an atmosphere of 
CO;, aluminium chloride has a vapour density agreeing with the formula AICI3. 

Z 
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prepared ; they have all been volatilised. lUoSj is a yeEowish precipitate thrown 
down by H^S from feebly acid solutions of indium. 

To extract indium from the Freiberg zinc, the metal is boiled with dilute 
sulphuric acid, employed in such quantity as to leave part of the zinc undissolved^ 
together with indium and lead. The residue is dissolved in nitric acid, the lead 
and cadmium precipitated by hydrosulphuric acid, the latter expelled by boiling,, 
and the oxide of indium precipitated from the solution by barium carbonate. 
"When this precipitate is dissolved in hydrochloric acid, and excess of ammonia 
added, the white indium hydroxide is precipitated, and may be reduced by heating 
in hydrogen. At a bright red heat it burns with a violet blue flame, yielding InoOy 

208. Bevieio of the aluminium group of metah. — This group comprises Al, Ga^ 

In, and T 1 (thallium =204). The last-named bears the same relation to the other 
metals of the group as mercury bears to the other metals of the magnesium 
group (p. 346). The melting points of the metals of the Al group do not descend 
with the rise of atomic weight ; it is true that Al, which has the lowest atomic 
weight, has the highest melting point, but the remaining metals show a rise of 
melting point for increase of atomic weight (Tl melts at 290° C.). Thesp.gr. 
rises with the atomic weight (TI has sp. gr. 11.9). As the atomic weight increases 
there is a tendency for the formation of stable oxides lower than that typical of 
the group (EjOj), and this typical oxide becomes less stable ; this will be evident 
when the properties of thallium have been considered, a matter best postponed 
until lead has been treated of. ^ 

The metals in the odd series of this group (see table, p. 276) are the rare 
elements scandium, yttrium, lanthanum, and ytterbium. 

209. Scandium (80=44) is the metal existing in the basic oxide scandia, SCoO^, 
found in the mineral gadolinite, a mixture of silicates occurring at Ytterby, in 
Sweden. The oxide is infusible and insoluble in alkalies. The metal has not- 
been isolated, but the atomic weight is deduced from the equivalent of the oxide.. 
Mendel 4 eff prophesied the existence of a metal (ekaboron) whose oxide would 
have the properties since discovered for scandia (see p. 278). 

210. Yttrium (YtsSq) is the metal of the oxide yttria, which is extracted 
from gadolinite and a similar mineral, samarshite. Its properties are not yet 
known. Yttria is a white oxide insoluble in alkalies but soluble in alkali 
carbonates. It has been recently shown to contain five or six oxides of basicity 
differing very slightly from its own, and separable by fractional precipitation ; 
these may be identified by the difference between their radiant spectra (p. 305)' 
though their spark-spectra are identical with that formerly ascribed to yttrium. 

211. Lanthanum (La^ 138.2) also occurs in gadolinite, but is more abundant in 
cerile, a mineral of the same type, also containing the metal cerium. The mixture 
of lanthana, LaoOj, and ceria obtained from this mineral is converted into nitrates 
which are fractionally crystallised, when the lanthanum nitrate separates first. 
When this is ignited it is converted into oxide which may be dissolved in HCl, 
and the chloride thus prepared may be fused with potassium to yield the metal 
lanthanum. It is a white malleable metal (sp. gr. 6.16), decomposes hot water,, 
and oxidises rapidly in air. 

212. Ytterbium (yb=i73). — This metal is only known as its oxide, Yb^Og, at 
present ; this is extracted from gadolinite. 

213. Besides the above oxides, several others have been described as obtainable 
from the gadolinite minerals — e.g., terbia, erbia, holmia, thulia, samaria, and 
didymia. These rare earths have received much attention from the spectro- 
scopist, to whom the evidence of their existence is due, and who is gradually 
arriving at the conclusion that they are of more complex composition than was 
at first supposed. 

For example, the metal didyinium, which was originally regarded as a chemical 
unit yielding the oxides DiO, DigO,, and Di„ 0 „ has been shown to contain two 
constituents, praseodymium and neodymium. ' When the red-coloured didymium 
nitrate is fractionally crystaEised, it yields two salts, one of which, the praseo- 
salt, is green, whilst the other, the neo-salt, is red. Solutions of these give 
different absorption spectra (p. 304), but when they are mixed the absorption 
spectrum characteristic of didymium nitrate is obtained. 

214. For a detailed account of the rare earths the reader must consult a more 
exhaustive treatise than the present one. It is possible that when the elements 
contained in them have been isolated, these will be found to occupy the ninth 
series of the periodic table (p. 276). 
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IRON. 

Fe" = 56 parts by weight. (Ee.)''! =112. 

215. This most useful of all metals is one of those most widely and 
abundantly diffused in nature. It is to be found in nearly all forms of 
rock, clay, sand and earth, its presence in these being commonly indi- 
cated by their colours, for iron is the commonest of natural mineral 
colouring ingredients. It is also found, though in small proportion, in 
plants, and in larger quantity in the bodies of animals, especially in the 
blood, which contains about 0-5 per cent, of iron in very intimate asso- 
ciation with its colouring-matter. 

But iron is very rarely found in the metallic state in nature, being 
almost invariably combined either with oxygen or sulphur. 

Metallic iron is met with, however, in the meteorites or metallic 
masses, sometimes of enormous size, and of unknown origin, which 
occasionally fall upon the earth. Of these, iron is the chief component, 
but there are also generally present cobalt, nickel, chromium, man- 
ganese, copper, tin, magnesium, carbon, phosphorus, and sulphur. 

The chief forms of combination in which iron is found in sufficient 
abundance to render them available as sources of the metal, are shown 
in the following table : 

Ores of Iron. 


Common Name. 

Chemical Name. 

Composition. 

Magnetic iron ore . 

Ferroso-ferric oxide . 

FejO^ 

Red hsematite . ) 
Specular iron . J 

Ferric oxide .... 


Brown hsematite . 

Ferric hydrate .... 

2Fe„0,.c!H„0 

Spathic iron ore . 

Clay iron-stone 
Blackband 

Ferrous carbonate 

Ferrous carbonate with clay 
Ferrous carbonate with clay and 
bituminous matter 

FeC03 ■ 

Iron pyrites . 

Bisulphide of iron 

FeS., 


These ores are frequently associated with extraneous minerals, some 
of the constituents of which are productive of injury to the quality of 
the iron. It is worthy of notice that scarcely one of the ores of iron is 
entirely free from sulphur and phosphorus, substances which will be 
seen to have a very serious influence on the quality of the iron extracted, 
from the ores, and the presence of which increases the difficulty of obtain- 
ing the metal in a marketable condition. 

The following table illustrates the general composition of the most 
important English ores of iron, with reference to the proportions'of iron, 

■ and of those substances which materially influence the character of the 
iron extracted from the ore — viz., manganese (present as oxide or car- 
bonate), phosphorus (present as phosphates), and ■ sulphur (present as 
bisulphide of iron). The maximum and minimum quantities found in 
each ore are specified. 
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British Iron Ores. 


In 100 Parts. 

Iron. 

Oxide of 
Manganese, 
MnO. 

Phosphoric 

Anhydride, 

P 2 O 5 - 

Bisulphide 
of Iron 
(Pyrites). 

No. of 
Samples 
Analysed. 


Max. 



Min. 

Max. 

Min. 

Max. 

Min. 


Clay ironstone from coal-measures 

43-30 

20.95 

3-30 

0.46 

1.42 

0.07 

I. 2 I 

... 

77 

Clay ironstone from the lias 

49.17 

17-34 

1.30 


5-os 


1,60 

... 

12 

Brown hjematite .... 

63.04 

11.98 

1.60 

trace 

3-17 


0.30 


23 

Bed hsematite .... 

6g.io 

47-47 

1-13 

trace 

trace 

trace 

0.06 


5 

Spathic ore. .... 

49.78 

13.98 

12.64 

1-93 

0.22 


0.11 

... 

6 

Magnetic ore .... 

57-01 

0.14 


10 

0.07 



From this table it will be gathered that, among the most abundant of 
the iron ores of this country, red haematite is the richest and purest, 
whilst the brown haematite often contains considerable proportions of 
sulphur and phosphorus, and the spathic ore, though containing little 
sulphur and phosphorus, often contains much manganese. 

The argillaceous ores, or clay iron-stones found in the lias, contain 
more phosphorus than those from the coal-measures ; and these latter, 
as a general rule, contain more sulphur (pyrites) than the former, 
although the maximum in the table does not show this. 

Clay iron-stone is the ore from which the largest quantity of iron is extracted 
in England, since it is found abundantly in the coal-measures of Staffordshire, 
Shropshire, and South Wales ; and it is a circumstance of great importance in the 
economy of English iron-smelting that the coal and limestone required in the 
smelting process, and even the fireclay employed in the construction of the 
furnace, are found in the immediate vicinity of the ore. 

Blaclcland is the clay iron-stone found in the coalfields of Scotland, and often 
contains between 20 and 30 per cent, of bituminous matter, which contributes to 
the economy of fuel in smelting it. 

Red haematite (Fe^Oj) is the most characteristic of the ores of iron, occurring in 
hard, shining, rounded masses, with a peculiar fibrous structure and a dark red- 
brown colour, whence the ore derives its name (af/ia, Mood). It is found in 
considerable quantities in Lancashire, Cornwall, the Spanish Peninsula, Algiers, 
and North America. 

Red ochre is a soft variety of this ore, containing a little clay. 

Brown haematite (2Pe^03.3Ho0) is found at Alston Moor (Cumberland) and in 
Durham, but it is more abundant on the Continent, and is the source of most of 
the Belgian and French irons. Rea iron ore and yelloio ochre are vareties of brown 
haematite. The Scotch ore, called Icidney-form clay iron-stone, is really an ore of 
this class. 

The red and brown haematites of Lancashire, Cumberland, and Spain are the 
chief ores used in the manufacture of the variety of pig-iron known as ‘ ‘ Bessemer 
or haematite pig.” 

Bpecular iron ore (FejOJ {oligist ore or iron-glance), although of the same 
composition as red haematite, is very different from it in appearance, having a 
steel-grey colour and a brilliant metallic lustre. The island of Elba is the chief 
locality where this ore is found, but it also occurs in Germany, France, and 
Russia. The excellent quality of the iron smelted from this ore is due partly to 
the purity of the ore, and partly to the circumstance that charcoal, and not coal, 
is employed in smelting it. 

Magnetic iron ore (FegOJ, of which the loadstone is a variety, has a more granular 
structure, and a dark iron-grey colour. It forms mountainous masses in Sweden, 

' and is also found in Russia and North America. It is generally smelted with 
charcoal, and yields an excellent iron. Iron sand, a peculiar heavy black sand 
of metallic lustre, consists in great measure of the magnetic ore, but contains a 
very large proportion of titanium. It is found abundantly in India, Nova Scotia, 
and New Zealand ; but its fine state of division prevents it from being largely 
available as a source of iron. 

Bpathiciron ore (JeCO^) is found in abundance in Saxony, and often contains 
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a considerable quantity of manganese carbonate, •which influences the character 
of the metal extracted from it. 

The oolitic iron ore, occurring in the Northampton oolite, contains both hydrated 
sesquioxide and carbonate of iron, together with clay. 

Iron pyrites (FeSo) is remarkable for its yellow colour, its brillia,nt metaUic 
lustre, and crystalline structure, being generall)’' found either in distinct cubical 
or dodecahedral crystals, or in rounded nodules of radiated structure. It was 
formerly disregarded as a source of iron, on account of the difficulty of separating 
the sulphur ; but an inferior quality of the metal has been extracted from the 
residue left after burning the pyrites in the manufacture of oil of vitriol (p. 222), 
the residue being first well roasted in a lime-kiln to remove as much as possible 
of the remaining sulphur. 

The quantity of iron ore raised annually in this country is estimated at about 
16 million tons, of which about 9 millions are clay iron-stones and calcareous 
iron-stones (chiefly the former) from the lias formations of North Yorkshire, 
Lincolnshire, Northamptonshire, Oxford, and Wiltshire ; 4J millions are clay 
iron-stones of the coal formation in Scotland, England, and Wales ; and about 
24 millions are hiematites and spathic ores. 

216. Metallurgy of iron . — Iron owes the high position which it occupies 
among useful metals to a combination of valuable qualities not met with 
in any other metal. Although possessing nearly twice as great tenacity 
or st/rength as the strongest of the other metals commonly used in the ' 
metallic state, it is yet one of the lightest, its specific gravity being only 
7*7, and is therefore particularly well adapted for the construction of 
bridges and large edifices, as well as for ships and carriages. It is the 
least yielding or malleable of the metals in common use, and can there- 
fore be relied upon for affording a rigid support ; and yet its ductility is 
such that it admits of being rolled into the thinnest sheets and drawn 
into the finest wire, the strength of which is so great that a wire of -j^th 
inch in diameter is able to sustain 705 pounds, while a similar wire of 
copper, which stands next in order of tenacity, will not support more 
than 385 pounds. 

Being, with the exception of platinum, the least fusible of useful metals, 
iron is applicable to the construction of fire-grates and furnaces. iN’or 
are its qualifications all dependent upon its physical properties, for it not . 
only enters into a great number of compounds which are of the utmost 
use in the arts, but its chemical relations to one of the non-metallie 
elements, carbon, are such, that the addition of a small quantity of this 
element converts it into steel, far surpassing iron in the valuable proper- 
ties of hardness and elasticity ; whilst a larger quantity of carbon gives 
rise to cast-iron, the greater fusibility of which permits it to be moulded 
into vessels and shapes which could not be produced by forging. 

217. English process of smelting clay iron-stone . — The first step towards 
the extraction of the metal consists in calcining (or roasting) the ore, in 
order to expel water and carbonic acid gas. To effect this the ore is 
sometimes built up, together with a certain amount of small coal, into 
long pyramidal heaps, resting upon a foundation of large lumps of coal ; 
blackband often contains so much bituminous matter that any other fuel 
is unnecessary. These heaps are kindled in several places, and allowed 
to burn slowly until all the fuel is consumed. This calcination has the 
effect of rendering the ore more porous, and better fitted for the smelting 
process. If the ore contained much sulphur, a part of it would be ex- 
pelled by the roasting in the form of sulphurous acid gas. The FeOOj is 
converted into Fe„Oj, which, being a feebler base than FeO, is less likely 
to combine with silica and form a fusible slao-. 
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More commonly the calcination is effected in kilns resembling lime- 
kilns, and it is often altogether omitted as a separate process, the expul- 
sion of the water and carbonic acid gas being then effected in the smelting- 
furnace itself as the ore descends. 

The calcined ore is smelted in a huge Uast-fitrnace (fig. 226) from fifty 
to eighty feet high, built of massive masoniy, and lined internally with 
firebrick. Since it would be impossible to obtain a sufficiently high tem- 
perature with the natural draught of this furnace, air is forced into it 



Pig. 226. — Blast furnace for smelting iron ores. 


at the bottom, under a pressure of three to seven pounds upon the inch, 
through tibyere or tioyer pipes, the nozzles of which pass through aper- 
tures in three sides of the furnace. As the niti’ogen of the air thus 
forced through the furnace carries away much heat with it, a hot-blast 
is found to economise fuel. To heat the blast the air is passed over 
firebricks which have been raised to a high temperature by the com- 
bustion of the gases which escape from the furnace (see below). In 
this way the temperature of the blast is frequently raised to 800° C,and 
that of the furnace when the combustion is most vigorous to 1930“ 0. 

It would be very easy to reduce to the metallic state the oxide of non 
contained in the calcined ore, by simply throwing it into this furnace, 
together with a proper quantity of coal, coke, or charcoal; but the 
metallic iron fuses with so great difficulty, that it is impossible to sepa- 
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rate it from the clay unless this latter is brought into a liquid state ; 
and even then the fusion of the iron, which is necessary for complete 
separation, is only effected after it has formed a more easily fusible 
•compound Avith a small proportion of carbon derived from the fuel. 

Now, clay is even more difficult to fuse than iron, so that it is neces- 
sary to add, in the smelting of the ore, some substance capable of form- 
ing Avith the clay a combination Avhich is fusible at the temperature of 
the fmmace. If clay (silicate of alumina) be mixed Avith limestone 
(carbonate of lime), and exposed to a high tempei’ature, carbonic acid 
gas is expelled from the limestone, and the lime unites with the clay, 
forming a double silicate of alumina arid lime, which becomes perfectly 
liquid, and, AA'hen cool, solidifies to a glass or slag. The limestone is 
here said to act as a Jlux, because it induces the clay to flow in the liquid 
state. In order, therefore, that the clay may be readily separated from 
the metallic iron, the calcined ore is mixed Avith a certain proportion of 
limestone before being introduced into the furnace. 

Great care is necessary in first lighting the blast-furnace lest the neAV 
masonry should be cracked by too sudden a rise of temperature, and, 
when once lighted, the furnace is kept in constant work for years until 
in .Avant of repair. When the fire has been lighted, the furnace is 
filled up with coke, and as soon as this has burnt doAvn to some distance 
beloAV the chimney, a layer of the mixture of calcined ore with the 
requisite proportion of limestone is thrown upon it ; over this there is 
placed another layer of coke, then a second layer of the mixture of ore 
and flux, and so on, in alternate layers, until the furnace has been 
filled up ; when the layers sink down, fresh quantities of fuel, ore, and 
flux are added, so that the furnace is kept constantly full. As the air 
passes from the tuyere pipes into the bottom of the furnace, it parts 
with its oxygen to the carbon of the fuel, which it converts into car- 
bonic acid gas (OO^) ; the latter, passing over the red-hot fuel as it 
ascends in the furnace, is converted into carbonic oxide (CO) by com- 
bining with an additional quantity of carbon. It is this carbonic oxide 
which reduces the calcined ore to the metallic state, Avhen it comes in 
contact with it, at a red heat in the upper part of the furnace, for 
carbonic oxide removes the oxygen, at a high temperature, from the 
oxides of iron, and becomes carbonic acid gas ; a portion of the iron so 
reduced decomposes another part of the carbonic oxide and enters into 
combination with a small proportion of carbon to form cast-iron, which 
fuses and runs down into the crucible or cavity for its reception at 
the bottom of the furnace. The clay contained in the ore is attacked 
by the lime of the flux, producing a double silicate of alumina 
and lime, Avhich also falls in the liquid state into the crucible, Avhere 
it forms a layer of “ slag” above the heavier metal. This slag, which 
has five or six times the bulk of the iron, is allowed to accumulate 
in the crucible, and to run over its edge doAvn the incline upon Avhich 
the blast-furnace is built ; but Avhen a sufficient quantity of cast-iron 
has collected at the bottom of the crucible, it is run out through a 
hole provided for the purpose, either into channels made in a bed of 
sand, or into iron moulds, where it is cast into rough semi-cylindrical 
masses called pigs, whence cast iron is also spoken of as pig-iron. The 
temperature of the furnace is, of course, highest in the immediate 
neighbourhood of the tuyeres j the reduction of the iron to the metallic 
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state appears to commence at about two-thirds of the way down the 
furnace, the volatile matters of the ore, fuel, and flux being driven off 
before this point is reached. 

It is generally stated, however, that the chief zone of reduction in the furnace is at 
that part of the throat of the furnace where the temperature has attained redness ; 
here the gases contain about 33 per cent, of CO. The zone of causticising the 
limestone is somewhat lower than this. As the iron, disseminated through the 
gangue, descends into the furnace, and becomes hotter, it is able to reduce some 
of the CO, liberating carbon, with which the rest of the iron combines. At 
this stage of the furnace, reaction between the flux and the gangue occurs, the 
slag melting and liberating the disseminated iron at the hottest portion of the 
furnace, namely, just above the tuyferes. 

A furnace consumes, in the course of twenty- four hours, about 50 tons of coal, 
30 tons of ore, 6 tons of limestone, and 100 tons of air. The cast-iron is run off 
from the crucible once or twice in twelve hours, in quantities of five or six tons 
at a time. The average yield of calcined clay ironstone is 35 per cent, of iron. 

The gases escaping from the blast-furnace are highly inflammable, 
for they contain as much as 25 per cent, of carbon monoxide;’^ in 
modern furnaces the throat is closed when the furnace has been charged, 
and the gases are made to pass through a flue into the stoves, where they 
are burnt in order to heat the brickwork which is to subsequently raise 
the temperature of the blast. 

When coal is used as fuel it is sometimes profitable to pass the gases through 
cooling apparatus before they are burnt, in order to condense the tar and 
ammonia which they contain. 

Although the bulk of the nitrogen present in the air escapes unchanged from 
the furnace, it is not improbable that a portion of it contributes to the formation 
of the cyanide of potassium (KCN), which is produced in the lower part of the 
furnace, the potassium being furnished by the ashes of the fuel. Cyanogen is 
generally found in the escaping gases. 

The slag from the blast fwimace is essentially a glass composed of a 
double silicate of aluminium and calcium, the composition of which varies 
much according to the nature of the earthy matters in the ore and the 
composition of the flux. Its colour is generally grey, streaked with blue, 
green, or brown. 

The nature of the flux employed must, of course, be modifled according 
to the compo.sition of the earthy substances (or gangue) present in the 
ore. Where this consists of clay (silicate of alumina), that is, is acid in 
character, the addition of lime (which is sometimes added in the form 
of limestone and sometimes as quicklime) will provide for the formation 
of the double silicate of alumina and lime. But if the iron-ore happened 
already to contain limestone, a basic gangue, an addition of clay would 
be necessary, or if quartz were present, consisting of silica only, both 
lime and alumina (in the form of clay) will be necessary as a flux. It 
is sometimes found economical to employ a mixture of ores containing 
difierent kinds of gangue, so that one may serve as a flux to the other. 
If a proper proportion of lime were not added, a portion of the oxide of 
iron would combine Avith the silica and be carried ofi" in the slag ; but 
if too large a quantity of lime be employed, it will diminish the fusibility 
of the slag, and prevent the complete separation of the iron from the 
earthy matter. The most easily fusible slag which can be formed by 
the action of lime upon clay has the composition dOaO.Al^Og.qSiO , ; but 
in English furnaces, where coal and coke are employed, it is "found 

* If coal be used as fuel hydrogen and hydrocaibons will also be present. The gases 
from a coke-fed furnace contain in 100 vols.: N, 55 ; COj, 18.5 ; CO, 26 4 ; H, o.i vols. 
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necessary to use a larger proportion of lime to convert the sulphur 
of the fuel into calcium sulphide, so that the slag commonly has a com- 
position more nearly represented by the formula i2Ca0.2Al303.9Si02, 
which -would express a compound of 6 molecules of normal calcium sili- 
cate with I molecule of normal aluminium silicate ; 60a2Si0^.Al^(Si0^)3. 

Since iron, manganese, and magnesium are commonly found occupying 
the place of a portion of the calcium, a more general formula for the slag 
from English blast-furnaces would be 6(CaFeMnMg)2Si0^.Al^(Si04)3. 

A fair impression of the ordinary composition of the slag from blast- 
furnaces is conveyed by the following table : 


Slag from Blast-Furnace ; in 100 parts. 


Silica ... 

• 43-07 

Oxide of manganese (MnO) 

1-37 

Alumina 

• 14.85 

Potash (K,0) 

1.84 

Lime .... 

28.92 

Sulphide of calcium 

1.90 

Magnesia . 

. 5-87 

Phosphoric oxide (PoOj) 

trace 

Oxide of iron (FeO) . 

2.3s 




■ From 10 to 30 cwt. of slag are produced per ton of cast-iron smelted. 


These slags are sometimes run from the blast-furnace into iron moulds, 
in which they are cast into blocks for rough building purposes. The 
presence of a considerable proportion of potash has led to experiments 
upon their employment as a manure, for which purpose they have been 
blown out, when liquid, into a finely divided frothy condition fit for 
grinding and applying to the soil. They are also used for making 
cement. By blowing steam through the slag it is converted into a 
substance resembling spun glass, and used, under t.he name of mineral 
cotton, for packing round steam-pipes, &c. 

218. Cast-iron is, essentially, composed of iron with from 2 to 5 per. 
cent, of carbon, but always contains other substances derived either from 
the ore or from the fuel employed in smelting it. On taking into con- 
sideration the energetic deoxidising action in the blast-furnace, it is not 
surprising that portions of the various oxygen compounds exposed to it 
should part -with their oxygen, and that the elements thus liberated should 
find their way into the cast-iron. In this way the silica is reduced, and 
its silicon is found in cast-iron in quantity sometimes amounting to 3 or 
4 per cent. Haematite pig is usually rich in silicon, from the presence 
of silica in an easily reducible condition in the ore. Sulphur and phos- 
phorus are also generally present in cast-iron, but in very much' smaller 
quantity their presence diminishes its tenacity, and the smelter endea- 
vours to exclude them as far as possible, though a small quantity of 
phosphorus appears to be rather advantageous for some castings, since 
it augments the fusibility and fluidity of the cast-iron. The sulphur is 
chiefly derived from the coal or coke employed in smelting, and for this 
reason charcoal would be preferable to any other fuel if it could be 
obtained at a sufficiently cheap rate. The iron-works of America and 
those of the European continent enjoy a great advantage in this respect 
over those of England. The phosphorus is obtained chiefly from the 
phosphates existing in the ore or in the flux.* The proportion of phos- 
phorus taken up by the cast-iron increases with the temperature of the 
blast-furnace. Manganese, amounting to i or 2 per cent., is often met 

* It appears to exist in the iron, at least in some cases, as Fe4P. 
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witli in cast-iron, having been reduced from the oxide of manganese, 
which is usually found in iron ores ; its presence generally enables the 
iron to hold more carbon and less sulphur. Other met.als, such as 
chromium, cobalt, &c., are also occasionally present, though in such 
small quantities as to be of no importance in practice. 

The following table exhibits the largest and smallest proportion of the 
various elements determined in the analysis of upwards of a hundred 
specimens of cast-iron : 



Composition of Cast'Iron. 


Maximum. Minimum. 

Carbon . 

. . . . 4.81 ... 1.04 per cent 

Silicon 

4.77 ... 0.08 „ 

Sulphur . 

1.06 

Phosphorus 

1.87 ... trace „ 

Manganese 

6.08 ... trace „ 

Iron. 




In order to understand the difference observed in the several varieties 
of cast-iron, it is necessary to consider the peculiar relations between iron 
and carbon. Iron fused in contact with carbon is capable of combining 
with neai'ly 6 per cent, of that element, to form a white, brilliant, and 
brittle compound, which may be i*epresented pretty nearly as composed 
of Jfe.jC. Under certain circumstances, as this compound of iron and 
carbon cools, a portion of the carbon separates fi’om the iron, and remains 
disseminated throughout the mass in the form of minute crystalline par- 
ticles very much resembling natural graphite. If a broken piece of iron 
containing these scales be examined, the fi’acture will be found to exhibit 
a more or less dark grey colour, due to the presence of the uncombined 
carbon, and for this reason a cast-iron in which a portion of the carbon 
has thus separated is commonly spoken of as grey iron, whilst that in 
which the whole of the carbon has remained in combination with the 
metal exhibits a white fracture, and is termed white iron or bright iron. 
Intermediate between these is the variety known as mottled iron, which 
has the appearance of a mixture of the grey and white varieties. 

The different condition of the carbon in the two varieties of cast-iron 
is rendered apparent when the metal is dissolved in diluted sulphuric or 
hydrochloric acid, for any carbon which exists in the uncombined state 
will then be left, whilst that which had been in combination with the 
iron passes off in the form of peculiar compounds of carbon and hydrogen, 
Avhich impart the disagreeable odour perceived in the gas evolved when 
the metal is dissolved in an acid. 

The properties of these two varieties of cast-iron are widely different, 
grey iron being so soft that it may be turned in a lathe, whilst the 
white iron is extremely hard, and of higher specific gravity, 7-5, that of 
grey iron being 7 ■ i . Again, although white iron fuses at a lower tempera- 
ture (1100° 0 .) than grey iron (1200° C.), the latter is far more liquid 
when fused, and is therefore much better fitted for casting. 

Although the presence of uncombined carbon is the chief point which 
distinguishes grey from white iron, other differences are commonly 
observed in the composition of the two varieties. The white iron 
usually contains less silicon than grey iron, but a larger proportion of 
sulphur. 
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The difference in the composition of these three varieties of cast-iron 
is shown in the following table : 



Grey. 

Mottled. 

Wliite. 

Iron .... 

92.00 

92-75 

94.04 

Combined carbon . 

0.30 

0.7s 

3.20 

Graphitic carbon . 

3-70 

2.90 

0.64 

Silicon .... 

2.50 

1. 00 

Sulphur .... 

0.04 

015 

0.20 

Phosphorus '. 

1.50 

1.60 

' 1.32 

Manganese . 

0.72 

0,47 

0.60 


i ^ 

As might be expected, it is not easy to tell where a cast-iron ceases 
to be grey and begins to be mottled, or where the mottled iron ends 
and white iron begins. There are, in fact, eight varieties or grades of 
cast-iron in commerce, distinguished by the numbers one to eight, 
of which No. I is dark grey, and contains the largest proportion ol 
graphite, which diminishes in the succeeding numbers up to No. 8, 
which is the whitest iron, the intermediate numbers being more or 
less mottled. 

The particular variety of cast-iron produced is to some extent under 
the control of the smelter. A. furnace working with siliceous ores and 
a high percentage of fuel, at a high temperature, yields an iron containing 
much silicon, and therefore a grey pig, for the presence of silicon deter- 
mines the separation of carbon as graphite. When the furnace is 
working with a minimum of fuel the iron will contain but little silicon, 
and will consequently retain all its carbon in combination, giving a white 
pig. But the metal sometimes varies considerably at different levels in 
the crumble of the furnace, so that pigs of different degrees of greyness 
are obtained at the same tapping. Mottled cast-iron surpasses both 
the other varieties in tenacity, and is therefore preferred where this 
quality is particularly desirable. 

The extra consumption of fuel, of course, renders the grey iron more 
expensive. When a furnace is Avoi'ked with a low charge of fuel to 
produce a white iron, a larger quantity of iron is lost in the slag, some- 
times amounting to 5 per cent, of the metal, whilst the average loss in 
producing grey iron does not exceed 2 per cent. Ores containing a large 
proportion of manganese are generally found to yield a white iron. 

White iron is generally used as forge-iron (that is for conversion into 
malleable iron), whilst grey iron is used as foundry-iron (for making 
castings) and for conversion into steel. 

When grey iron is melted, the particles of graphite to which its gi'ey 
colour is due are dissolved by the liquid iron, and if it be poured into a 
cold iron moMd so as to solidify it as rapidly as possible, the external 
portion of the casting will present much of the hardness and appearance 
of white iron, the sudden cooling having prevented the separation of 
the graphite. This affords the explanation of the process of chill-casting 
by which shot, &c., made of the soft fusible grey iron, are made to 
acquire, e:^ernally, a hardness approaching that of steel. It is a com- 
mon practice to produce compound castings, that portion of the mould 
where chilling and consequent hardness is required being made of thick 
cast-iron, and the other part, which is to give a tougher and a softer 
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casting, of sand. When white pig-iron is melted at an extremely high 
temperature (in a Siemens furnace) and slowly cooled, it becomes grej'. 

When grey iron is re-melted in the foundry for casting it becomes harder, both 
because some of the silicon is eliminated by oxidation, causing a corresponding 
amount of the graphite to pass into combination, and because sulphur is absorbed 
from the fuel with which the iron is melted. 

By the use of ores containing an unusually large proportion of any of the 
foreign constituents which enter into the reduced iron, the blast furnace may be 
made to produce special irons, which have particular applications. Thus, ferro- 
silicon (iron rich in silicon) used for converting white iron into grey ivon, ferro- 
manganese (iron containing 68-80 per cent, of Mn ; spiegel-eisen contains about 
10 per cent, of Mn), and ferro-chromhan (containing 60-70 per cent, of Or) are 
made ; the last two are used in steel-making. 

Pig iron has a very limited application as a building material on 
account of its low tensile strength (8 tons per sq. in.) and its lack of 
malleability. Por constructional use it must be converted into malleable 
iron which possesses a high tensile strength and is capable of being 
forged. In order to eftect this conversion the silicon, phosphorus and 
sulphur of the pig iron must be removed, and the content of carbon must 
be reduced to below 2 per cent. The attainment of these ends is ren- 
dered possible by the fact that the impurities are more readily oxidised 
than is the iron, and this oxidation may be effected either by mixing the 
hot iron with iron oxide, or by blowing air through the molten metal. 
The carbon is thus evolved in the form of CO, whilst the silicon and 
phosphorus are oxidised to SiOj and P^Oj, both of which oxides are capable 
of uniting with a base (FeO or OaO) and of being removed as slag. 

• ' Before the production and maintenance of very high temperatures 
was understood, it was customary to heat the iron until it became pasty 
and to mix it with iron oxide whilst in this condition (a process known 
as puddling) ; the impurities, oxidised at the expense of the ferric oxide, 
were then squeezed out of the iron by working the pasty mass under the 
hammer. The product was known as wrought iron, and, since it was 
, not necessary to fuse the iron at any stage of the process, it was possible 
to reduce the carbon to a very low percentage, for it will be remembered 
that it is the presence of this element which lowers the fusing point of 
iron. At the present day it is possible to keep iron containing very 
little carbon in a state of fusion, so that the iron oxide can be mixed 
with it in this condition and the decarburised iron can be cast into ingots 
prior to being rolled into plates or bars {Siemens-Martin ^irocess). Instead 
of iron oxide, air is frequently used as the oxidant, in which case it is 
blown through the molten iron, the heat generated by the oxidation of 
the impurities serving to keep the metal in fusion {Bessemer process). 
By this method also the metal is obtained in the form of cast ingots. 

The original distinction between cast iron, wrought iron and steel lay 
in their content of carbon. Cast iron contains 3-5 per cent, of 0 ; 
wrought iron under o.i per cent., and steel 0.5-2 .0 per cent. The 
term ingot iron is now employed to signify all iron made by method 
involving fusion, and includes all grades of refined iron except the very 
softest and the very hardest (hard steel) ; the expression mild steel is 
nearly synonymous with ingot iron. 

Conversion of cast iron into bar or wrought iron. — Puddling. With 
pig-iron containing much graphite and silicon, the puddling process is 
preceded by the process of refining, which will therefore be first described. 
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- Refining cast This process consists essentially in exposing the 

metal, in the fused state, to the action of a blast of air in which part of 
the oxygen has been converted into carbonic oxide by passing over 
red-hot coke or charcoal. 

The refinery (fig. 227) 
is a rectangular trough 
with double walls of 
cast-iron, between which 
cold water is kept cir- 
culating to prevent their 
fusion. This trough is 
about 3I feet long by 
2^ feet wide, and usually 
lined with fireclay; on 
each side of it are 
arranged three tuyere 
pipes for the supply of 
air, inclined at an angle 
of 25° to 30° to the 
bottom of the furnace, Fig. 227.— Hearth for refining pig-iron, 

which is fed with coke, 

unless the very best iron is required, as for the manufacture of tin-plate, 
when charcoal is generally used in the refinery. 

This furnace having been filled to a certain height with fuel, five or 
six pigs of iron (from 20 to 30 cwt.) are arranged symmetrically tipon 
it, and covered with coke, a blast of air being forced in through the 
tuyeres, under a pressure of about 3 lbs. upon the inch. In about a 
quarter of an hour the metal begins to fuse gradually, and to trickle 
down through the fuel to the bottom of the refinery, a portion of the 
iron being converted into oxide in its descent, by the air issuing' from 
the tuyere pipes. When the whole of the metal has been fused, the air 
is still allowed to play for some time upon its surface, when the fused 
metal appears to boh in consequence of the escape of bubbles of carbonic 
oxide. 

After about two hours the tap-hole is opened, and the molten metal 
run out into a flat cast-iron mould kept cold by water, in order to chill 
the metal and render it brittle. The plate of refined iron thus obtained 
is usually about 2 inches thick. The slag (or finery cinder) is generally 
received in a separate mould ; its composition may be generally expressed 
by the formula cFeO.SiO,, the silica having been derived from the sili- 
con contained in the cast-iron. 

The change effected in the composition of the iron by the process of 
refining will be apparent from the following percentage composition of 
refined iron: Fe 95.14; C 3.07 ; Si 0.63; S 0.16 ; P0.73; Mn trace; 
slag 0.44. The carbon, therefore, is not nearly so much diminished as 
the silicon, which is in some cases reduced to ^th of its former propor- 
tion by the refining process. Half of the sulphur is also sometimes 
removed, being found in the slag as sulphide of iron. The phosphorus 
is not removed to the same extent in the refining process, though some 
of it is converted into ferrous phosphate, which may be found in the 
finery cinder. 

The fm’ther purification of the metal could not be effected in the 
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refinery, since tlie' fusibility of the iron is so' greatly diminished, as it 
approaches to a pure state, that it could not be retained in a fluid 
condition at the temperature attainable in this furnace, and a more 
spacious hearth is required upon which the pasty metal may be kneaded 
into close contact with the oxide of iron which is to complete the 



oxidation and separation of the carbon. For this reason the metal is 
transferred to the puddling furnace. 

The puddling process is carried out in a reverberatory furnace 
(figs. 228, 229) connected mth a tall chimney provided "with a damper, 
so as to admit of a very perfect regulation of the draught. A bridge of 



Fig. 229.— Puddling furnace. 

firebrick between the grate and the hearth prevents the contact of the 
coal -with the iron to be puddled. The hearth is composed either of fire- 
brick or of cast-iron plates, covered with a layer of very infusible slag, and 
cooled by a free circulation of air between them. This hearth is about 
6 feet in length by 4 feet in the widest part near the grate, and 2 feet 
at the opposite end; it is slightly inclined towards the end farthest 
fx’om the grate, and finishes in a very considerable slope, at the lowest , 
point of which is the ^oss-^ole for the removal of the slag. Since the 
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metal is to attain a very high temperature in this furnace (estimated at 
1300° C.), the latter is usually covered with an iron casing, so as to 
prevent any entrance of cold air through chinks in the brickwork. 

About 5 cwt. of the fiiie metal is broken up and heaped upon the ■ 
hearth of this furnace, together with about i cwt. of iron scales (black 
oxide of iron, FejOJ, and of hammer-slag .{basic silicate of iron, obtained 
in subsequent operations), which are added in order to assist in oxidising 
the impurities. When the metal has fused, the mass is well^ stirred or 
puddled, so that the oxide of iron may be brought into contact with 
every part of the metal, to effect the oxidation of the impurities. The 
metal now appears to boil, in consequence of the escape of carbonic 
oxide, and in about an horrr from the commencement of the puddling, 
so much of the carbon has been removed that the fusibility of the metal 
is considerably diminished, and instead of retaining a fused condition 
at the temperature prevailing in the furnace, it assumes a granular 
sandy or dry state, spongy masses of pure iron separating or coming to 
nature in the fused mass. The puddling of the iron is continued until 
the whole has assumed this granular appearance, when the evolution of, 
carbonic oxide ceases almost entirely, showing that the removal of the 
carbon is nearly completed. The damper is now gradually raised so as 
to increase the temperature and soften the particles of iron, in order 
that they may be collected into a mass ; and, the more easily to effect 
this, a part of the slag is run off through the floss-hole. The workman 
then collects some of the iron upon the end of the paddle, and rolls it 
about on the hearth until he has collected a sort of rough ball of iron, 
weighing about half a hundredweight. When all the iron has been 
collected into balls in this way, they are placed in the hottest part of 
the furnace, and pressed occasionally mth the paddle, so as to squeeze 
out a portion of the slag with which their interstices are filled. The 
doors are then closed to raise the interior of the furnace to a very high 
temperature, and after a short time, when the balls are sufiiciently 
heated, they are removed from the furnace, and placed under a steam 
hammer, which squeezes out the liquid slag, and forces the softened 
particles of iron to cohere into a continuous oblong mass or hloom, which 
is then passed between rollers, by which it is extended into bars. These 
bars, however {Rough or Puddled, or No. i Bar), are always hard and 
brittle, and are only fit for such constimctions as railway bars, where 
hardness is required rather than great tenacity. In order to improve 
this latter quality, the rough bars are cut up into short lengths, which 
are made into bundles, and, after being raised to a high temperature 
in the mill-furnace, are passed through rollers, which weld the several 
bars into one compound bar, to be subsequently passed through other 
rollers until it has acquired the desired dimensions. By thxxs fagoting 
or piling the bars, their texture is rendered far more uniform, and they 
are made to assume a fibrous structure, which greatly increases their 
strength [Merchant Bar, or No. 2 Bar). To obtain the best, or No. 3 
Bar, or wire-iron, these bars are doubled upon themselves, raised to a 
welding-heat, and again passed between rollers. These repeated rollings 
have the effect of thoroughly squeezing out the slag which is mechanically 
entangled among the particles of iron in the rough bar, and would 
produce flaws if allowed to remain in the metal. A slight improve- 
ment appeal’s also to be effected in the chemical composition of the iron 
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during tlie rolling, some of the carbon, silicon, phosphorus, and sulphur, 
still retained by the puddled iron, becoming oxidised, and passing away 
as carbonic oxide and slag. 

The following table exhibits the change in chemical composition 
which takes place in pig-iron when puddled (without previous refining) 
and rolled into wire-iron : 


Effect of Pvddling and Forging on Cast-Iron. 


In 100 parts. 

Carbon. 

Silicon. 

Sulphur. 

PhosphoruB. 

Grey pig-iron 

Puddled bar . 

Wire-iron 

2.275 

0.296 

0. Ill 

2.720 

0.120 

0.088 

0.301 

0.134 

0.094 

0.645 

0.139 

0.II7 


About 90 parts of bar-iron are obtained from 100 of refined iron by 
the puddling process, the difierence representing the carbon which has 
passed oflf as carbonic oxide, and the silicon, sulphur, phosphorus, and 
iron, which have been removed in the slag or tap-chuler, this being 
essentially a mixture of ferrous and ferric silicates, varying much in 
composition according to the character of the iron employed for 
puddling, and the proportions of iron-scale and hammer-slag introduced 
into the furnace. Of course, also, the material of which the hearth is 
-composed will influence the composition of the slag. The following 
table affords an illustration of its percentage composition ; 


Tap-cinder from Puddling Fttrnace. 


Ferrous oxide (FeO) . . 57.67 

Ferric oxide (Fe^Oa) . . 13-53 

Silica .^ . . . . 8.32 

Phosphoric oxide (P 2 O 5 ) . 7.29 


Ferrous sulphide . 
Lime . 

Oxide of manganese 
Magnesia 


The lime in the above cinder was probably derived ivov^ ^1^0 hearth 
of the furnace, which is sometimes lined with that materirilL , ^ assist in 
removing the sulphur. ^ 

When grey pig-iron is puddled without undergoing the i\il, pro 

cess, it becomes much more liquid than white pig or refineu ju and 
the process is sometimes described as the pig-boiling jsrocess, 
refined iron undergoes dA-y puddling. In the latter, the oxygen of 
air has more share in the de -carburising of the iron than it has in the. 



-“/dS? 

4.70 

0.7S 

0.26 


N 


former. 

Formerly it was sometimes the custom to make a puddled-steel, by 
arresting the puddling process at an earlier stage than usual, so as to 
leave a proportion of carbon varying from o’3 to i per cent. 

It will be observed that this process of puddling is attended with some 
important disadvantages; it involves a great expenditure of manual 
labour, and of a most exhausting kind ; the wear and tear of the pudd- 
ling furnace is very considerable, and since it receives only ten or eleven 
charges of about 5 cwts. each in the course of twenty-four hours it is 
necessary to work five or six puddling furnaces at once, in order to 
convert into bar-iron the whole of the cast-iron turned out from asino-le 
blast-furnace. These considerations have led to several attempts *^to 
improve the puddling process by employing revolving furnaces and other 
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mechanical arrangements to supersede the heavy manual labour. ^ In 
Dankes’ rotating puddling fimiace the pig-iron is run into a cylindrical 
chamber lined with a mixture of haematite and lime. Air is supplied 
by a fan, and the cylinder is revolved so as to bring the metal thoroughly 
' into contact with the oxides of iron which form part of the charge, as 
in the ordinary puddling process. The charge of about 600 lbs. is 
turned out in a single ball, which is further treated as usual. 

Properties of bar -iron . — Even the best bar-iron contains from o'l to 
0*2 per cent, of carbon, together with minute proportions of silicon, 
sulphur, and phosphorus. Perfectly pure iron is inferior in hardness 
and tenacity to that which contains a small proportion of carbon. 

Bar-iron is liable to two important defects, which are technically 
known as cold-shortness and red-shoi'tness. Cold-short iron is brittle at 
ordinary temperatures, and appears to owe this to the’ presence of 
phosphorus, of which element 0.5 per cent, is sufficient materially to 
diminish the tenacity of the iron. When the iron is liable to brittleness 
at a red heat, it is termed red-short iron, and a very little sulphur is 
sufficient to affect the qualit^apof the iron in this respect. 

Hot only the proportions of carbon, silicon, sulphur, phos])horus, and 
. manganese may be supposed to affect the quality of the iron, but the 
state of combination in which these elements exist in the mass is not 
unlikely to cause a difference. It also appears certain that the mechani- 
cal structure, dependent upon the arrangement of the particles compos- 
ing the mass of metal, has at least as much influence upon the tenacity 
of the iron as has its chemical composition. 

The best bar-iron, if broken slowly, always exhibits a fibrous structure, 
the particles of iron being arranged in parallel lines. This appears to 
contribute greatly to the strength of the iron, for when it is wanting, 
and the bar is composed of a confused mass of crystals, it is weaker in 
proportion to the size of the crystals. The presence of phosphorus is 
said to favour the formation of large crystals, and hence to produce 
cold-shortness. There is some reason to believe that the fibrous is some- 
times exchanged for the crystalline texture under the influence of 
frequent vibrations, as in the case of railway axles, girders of suspension- 
bridges, (fee. 

^ Considering the difficult fusibility of bar-iron, it is fortunate that it 
possesses the property of being welded; that is, of being united by 
hammering when softened by heat. It is customary first to sprinkle the 
heated bars with sand or clay in order to convert the superficial oxide 
of iron into a liquid silicate, which will be forced out from between them 
by hammering or rolling, leaving the clean metallic surfaces to adhere. 

219. Production of ingot-iron (mild steel ), — In the Siemens- Martin or . 
oj)en hearth process the pig-iron is melted in a saucer-shaped depression 
made of iron plates lined with ganister, a fairly pure sand ; this hearth 
is built in a furnace which is so constructed that a flame of carbon 
monoxide (producer gas), raised to a very high temperature by the sys- 
tem of regenerative firing (see Chemistry of Fuel), plays across the 
hearth. When the pigs have been thoroughly melted, scraps of iron 
plate, which, since they are of no other value, may be used to dilute the 
impure iron, are stirred in, and these are followed by an appropriate 
quantity of iron oxide, generally hmmatite. The oxidation of the im- 
purities in the iron is effected in part by the oxygen of the hasmatite 

2 A 
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and in part by the excess of oxygen in the flame used to heat the hearth, 
tHe temperature of whicb is about 1500° C. When the aspect of a test 
piece withdrawn and hammered by the furnace-man indicates that the 
process is complete (in 8-10 hours), the tamping hole of the hearth is 
unstopped, the metal run into a ladle, and thence into ingot moulds. 

In this process the silicon and phosphorus are removed, chiefly in the 
form of iron silicate and phosphate, as slag, which floats on the surface 
of the metal, and in order that the complete removal of the phos- 
phorus may be efiected the oxidation must be carried sufficiently far 
to oxidise nearly the whole of the carbon in the iron, producing a 
very soft metal. Since for most purposes this product would be 
too soft, it is customary to bring up the carbon content of the metal 
in the ladle by the addition of a small quantity of ferro-onanganese, 
which immediately melts and mixes with the charge. Ferro-manganese 
is an alloy of iron and manganese (74 per cent.), the presence of which 
enables the alloy to hold much carbon (5 per cent.). The yield by this 
process is about 95 per cent, of the iron charged into the furnace. 

In the Besstmer process the molten pig-iron is run into a converter ^ 
which is a large vessel of the shape shown in fig. 230. It is made of 
iron plates and is lined with ganister. At the bottom of the vessel 

there is a number of openings of about 
^ inch in diameter (A) through which 
air is blown at a pressure of 15 or 20- 
lbs. to the square inch. The charge 
(about 10 tons) having been melted in 
a separate furnace is run into the con- 
verter which is suspended on trunnions 
so that it may be turned into a hori- 
zontal position for this purpose, and 
then erected again into the vertical 
position. The converter is previously 
heated by a little burning coke, and 
the blast is turned on before the iron 
is charged in so that the liquid iron may not run into the air tubes. The 
silicon and manganese burn first in the stream of air, producing a very 
high temperature, then the carbon is converted into carbon monoxide, 
which burns with a long flame at the mouth of the converter, and a 
little of the iron is burnt to oxide, which forms a slag with the silica 
and is carried up as a froth to the surface of the liquid iron. The blast 
of air, or hloio, is continued for about twenty minutes, when the dis- 
appearance of the flame of CO indicates the completion of the process ; 
but the remaining purified iron is not pasty as in the puddling furnace, 
being retained in a perfectly liquid condition by the high temperature 
(1580° 0.) resulting from the combustion of the silicon and manganese,, 
so that the metal may be run out into ingot moulds by tilting the con- 
verter. As in the case of the Siemens-Martin process, the desired 
hardness is imparted to the metal by the addition of ferro-manganese 
to the converter just before the iron is poured. The yield is about 85 
per cent. 

In the original Bessemer process the converter was lined, as described 
above, with ganister (sand) ; this rendered the method applicable onlv 
to such grades of pig-iron as were fairly free from phosphorus, because- 
the most efficient means of removing this element, namely, the admix- 
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ture of the strong base lime with the charge, was impossible, on account 
of the ease with which lime combines with silica, destroying the lining 
of the furnace. It is now customary to line converters which are to be 
used for phosphoric pig with a basic material, namely, a mixture of 
magnesia and lime, made by calcining dolomite. This basic Bessemer 
process is conducted as described above, save that lime to the extent of 
15-20 per cent, of the charge of iron is thrown into the converter 
before the iron is run in. This lime combines with the produced 
by the oxidation of the phosphorus, as well as with the silica produced 
by the oxidation of the silicon. The basic slag formed in this way is 
useful as a manure, for ' the sake of its phosphorus (see Chemistry of 
Vegetation). The following percentage compositions illustrate the effect 
of the two processes : — 



c. 

Si. 

Mn. 

S. 

p. 

Acid Bessemer pig . 

3-57 

2.26 

0.04 

o.io 

0.07 

After blow 

0.19 

trace 

trace 

O.IO 

0.07 

After ferro-manganese . 

0.37 

■ trace 

0-54 

0.09 

0.05 

Basic Bessemer pig 

3-57 

1.70 

0.71 

0.06 

1-57 

After blow 

trace 

— 

trace 

0.05 

0.08 

After ferro-manganese . 

0.12 

0.03 

0.27 

0.04 

0.02 


Properties of ingot iron (mild steel ). — Owing to the fact that bar-iron 
is not fused whilst ingot iron is completely fused in the process of its 
manufacture, the main difference between these two forms of iron is that 
ingot iron does not show the fibrous structure of bar-ii’on, and is, more- 
over, free from particles of intermixed slag. Ingot iron is liable to the 
same defects as bar-iron, and these are due to the same causes. 

220. Manufacture of tool steel (hard steel ). — Steel differs from bar- 
iron in possessing the property of becoming much harder when heated 
to redness, and then suddenly cooled by being plunged into water. 
Perfectly pure iron obtained by the electrotype process is not hardened 
by sudden cooling j but all bar-iron which contains carbon does exhibit 
this property in a greater or smaller degree according to the proportion 
of carbon present. It does not become decidedly steely, however, until the 
carbon amounts to 0.25 per cent. The term steel was formerly applied 
only to iron containing enough carbon (not less than 0.75 per cent.) to 
harden it sufficiently for cutting implements, but all iron containing 
more than 0.2 per cent, of carbon is now referred to as (mild) steel. The 
hardest steel contains about 1.2 per cent, of cai’bon, and when the pro- 
portion reaches 1.5 per cent, the metal begins to assume the properties 
of white cast-ii’on. Bar-iron may, therefore, be converted into hard steel 
by the addition of about i per cent, of carbon, and, conversely, cast- 
iron is converted into mild steel when the quantity of carbon contained 
in it is reduced to 0.2 to 0.5 per cent.* 

Since the presence of even the small quantities of impurities, other 
than carbon, which cannot he eliminated by the above processes for 
making ingot iron .are fatal to the best hard steel, this m<aterial must 
be made from the best bar-iron. 

The process is known as cementation, the bars of iron being imbedded 
in charcoal and e:^osed for several days to a high temperature. 

The operation is effected in large chests of firebrick or stone, about 
10 or 12 feet long by 3 feet wide and 3 feet deep. 

* Many metallurgists are of opinion that manganese has an influence similar to that of 
carbon in converting iron into steel. 
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Two of these chests are built into a dome-shaped furnace {converting 
furnace, fig. 231), so that the flame may circulate round them, and the 
furnace is surrounded with a conical jacket of brickwork in ord^r to 
allow a steady temperature to be maintained in it for some days. The 
charcoal is ground so as to pass through a sieve of ^-inch mesh, and 
spread in an even layer upon the bottom of the chests. Upon this the 
bars of iron, which must be of the best quality, are laid in' regular 
order, a small interval being left between them, which is afterwards 
fiUed in with the charcoal powder, with a layer of which the bars are 
now covered ; over this more bars are laid, then another layer of char- 
coal, and so on until the chest is filled. Each chest holds 5 or 6 tons 



Fig. 231.— Funiace for converting bar-iron into steel. 


of bars. One of the bars is allowed to project through an opening in 
the end of the chest, so that the workmen may withdraw it from time 
. to time and judge of the progress of the operation. The whole is 
covered in with a layer of about 6 inches of damp clay or sand, or 
grinder's waste (silica and oxide of iron). 

The fire is carefully and gradually lighted, lest the chests should be 
split by too sudden application of heat, and the temperature is eventually 
raised to about the fusing point of copper (2000° E., 1090° C.),at which 
it is maintained for a period varying with the quality of steel which it 
is desired to obtain. Six or eight days suffice to produce steel of mode- 
rate hardness ; but the process is continued for three or four days longer 
if very hard steel be required. The fire is gradually extinguished, so 
that the chests are about ten days in cooling down. 

On opening the chests the bars are found to have suffered a remark- 
able change both in their external appearance and internal structure. 
They are covered with large blisters, obviously produced by some gaseous 
\ substance raising the softened surface of the metal in its attempt to 
escape. It is conjectured that the blisters are caused by carbonic oxide 
produced by the action of the carbon upon particles of slag accidentally 
present in the bar. On breaking the bars across, the fracture is found 
to have a finely granular structure, instead of the fibrous appearance 
exhibited by bar-iron. Chemical analysis shows that the iron has com- 
bined with about i per cent, of carbon, and the most remarkable part 
of the result is that this carbon is not only found in the external layer 
of iron, which has been in direct contact -with the heated charcoal', but 
is also present in the very centre of the bar. It is' this transmission of 
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the solid carbon through the - solid mass of iron which is implied by the 
.term cementation. The chemistry of the process probably consists in the 
formation of carbonic oxide from the small quantity of atmospheric oxy- 
gen in the chest, and the removal of one-half of the carbon from this 
carbonic oxide, by the iron, which it converts into steel, leaving carbonic 
acid gas (2 00 — 0 = 00^) to be re-converted into carbonic oxide by taking 
up more carbon from the charcoal ( 00 ^ -I- C = 2 CO), which it transfers 
again to the iron. Experiment has shown that soft iron is capable of 
absorbing mechanically 4.15 volumes of carbonic oxide at a low red 
heat, so that the action of the gas upon the metal may occur through- 
out the substance of the bar. The carbonic oxide is retained unaltered 
by the iron after cooling, unless the bar is raised to the temperature 
required for the production of steel. 

The blistered steel obtained by this process is, as would be expected, 
far from uniform either in composition or in texture ; some portions of 
the bar contain more carbon than others, and the interior contains 
numerous cavities. In order to improve its quality it is subjected to a 
process of fagoting similar to that mentioned in the case of bar-iron ; 
the bars of blistered steel, being cut itito short lengths, are made up 
into bundles, which are raised to a welding heat, and placed under a 
tilt-hammer weighing about 2 cwt., which strikes two or three hundred 
blows in a minute ; in this way the several bars are consolidated into 
one compound bar, which is then extended under the hammer till of the 
required dimensions. The bars, before being hammered, are sprinkled 
with sand, which combines with the oxide of iron upon the surface, and 
forms a vitreous layer which protects the bar from further oxidation. 
The steel which has been thus hammered is much denser and more 
uniform in composition; its tenacity, malleability, and ductility are 
greatly increased, and it is fitted for the manufacture of shears, files, 
and other tools. It is commonly known as shear steel. Double shear 
steel is obtained by breaking the tilted bars in two, and welding these 
into a compound bar. 

The best variety of steel, however, which is perfectly homogeneous in 
composition, is that known as cast-steel or crucible steel, to obtain which 
about 50 lbs. of blistered steel are broken into fragments, and fused in 
a fireclay or plumbago crucible, heated in a wind-firrnace, the surface of 
the metal being protected from oxidation by a little glass melted upon 
it. The fused steel is cast into ingots, several crucibles being emptied 
simultaneously into the same mould. Cast-steel is far superior in den- 
sity and hardness to shear steel, but since it is exceedingly brittle at a 
red heat, great care is necessary in forging it. It has been found that 
the addition, to 100 parts of the cast-steel, of i part of a mixture of 
charcoal and oxide of manganese, produces a fine-gi’ained steel which 
admits of being cast on to a bar of wrought-iron in the ingot-mould, so 
that the tenacity of the latter may compensate for the brittleness of the 
steel when the compound bar is forged, the wrought-iron forming the 
back of the implement, and the steel its cutting edge. Manganese has 
a stronger attraction than iron has for oxygen and sulphur ; hence it 
would decompose any stdphide or oxide of iron present in the metal, 
and carry those elements into the slag. The soundness of steel ingots 
is often impaired by minute bubbles or blow-holes, formed by CO or EL, 
the former produced by the action of the carburised iron on a portion 
of oxidised iron, the latter by the decomposition of moisture in the air. 
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To obviate this, tbe steel is sometimes subjected to a pressure of several 
tons on tbe square inch, while it is solidifying {Whitworth’s steel). . 

Some small instruments, such as keys, gun-locks, <fec., which are ex- 
posed to considerable wear and tear by friction, and require the external 
hardness of steel without its brittleness, are forged from bar-iron, and 
converted externally into steel by the process of case-hardening, which 
consists in heating them in contact with some substance containing 
carbon (such as bone-dust, yellow prussiate of potash, &c.), and after- 
wards chilling in water. A process which is the reverse of this is 
adopted in order to increase the tenacity of stirrups, bits, and similar 
ai'ticles made of cast-iron ; by heating them for some hours in contact 
Avith oxide of iron or manganese, their carbon and silicon are removed 
in the forms of carbonic oxide and silica, and they become converted 
into malleable cast-iron. A similar effect is produced by heating in sand, 
the air between its grains affording the required oxygen. 

Properties of steel. — After the steel has been forged into the shape of 
any implement, it is hardened by being heated to redness, and suddenly 
chilled in cold water, or oil,"^ or mercury. It can thus be rendered 
nearly as hard as diamond, at the same time increasing slightly in 
volume (sp. gr. of cast-steel 7.93; after hardening, 7.66), and consider- 
ably in tensile strength, but diminishing in ductility. If the hardened 
steel be heated to redness and allowed to cool slowly, it is again con- 
verted into soft steel, hut by heating it to a temperature short oh a red 
heat, its hardness may be proportionally reduced. This is taken advan- 
tage of in annealing the steel or “letting it down” to the proper 
, temper. The very hardest steel is almost as brittle as glass, and totally 
unfit for any ordinary use j but by heating it to a given temperature 
and allowing it to cool, its elasticity may be increased to the desired 
extent, without reducing its hardness below that required for the im- 
plement in hand. On heating a steel blade gi’adually over a flame, it 
Avill acquire a light yellow colour when its temperature reaches 430° F., 
from the formation of a thin film of oxide; as the temperature rises, 
the thickness of the film increases, and at 470° a decided yellow colour 
is seen, which assumes a brown shade at 490°, becomes purple at 520°, 
and blue at 550°. At a still higher temperattu’e the film of oxide 
becomes so thick as to be black and opaque. Steel which has been 
heated to 430°, and allowed to cool slowly, is said to be tempered to the 
yelloio, and is hard enough to take a very fine cutting edge ; whilst, if 
tempered to the blue, at 550°, it is too soft to take a very keen edge, hut 
has a very high degree of elasticity. The following table indicates the 
tempering heats for various implements : 


Tempering of Steel . . 


Temperature, F. 

Colour. 

Implements thus Tempered. 

430° to 450° 

470° . 

490° . 

510° . 

$20° . 

530° to 570 

Straw-yellow 

Yellow 

Brown-yellow . 
Brown-purple . 
Purple 

Blue . 

Eazors, lancets. 

Penknives. 

Large shears for cutting metal. 
Clasp-knives. 

Table-knives. 

Watch-springs, sword-blades. 


Chilling in oil cools the steel less snddenly, on account of the lower specific heat of oil, 
and therefore does not render it so hard and brittle. It is often spoken of as toughening. 
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If a knife blade be beated to redness its temper is spoilt, for it is con- 
verted into soft steel. In general, the steel implements are ground 
after being tempered, so that they are not seen of the colours 
mentioned above, except in the case of watch-springs. A steel blade 
may be easily distinguished from iron by placing a drop of diluted 
nitric acid upon it, when a dark stain is produced upon the steel, from 
the separation of the carbon. 

According to modern views the change which occurs in the character 
of steel during the process of hardening, is primarily due to the existence 
of two allotropic forms of iron, which are distinguished as a-iron and 
)3-iron, the former being present in soft iron, the latter in hard iron. 

When pure iron is allowed to cool slowly from a temperature near its melting 
point, it is noticed that at 864° C. the rate at which the iron cools undergoes a 
change, and that the temperature is four-fold as long a time in falling from 
864° C. to 852° C., as it is in falling through an equal number of degrees during the 
whole of the rest of its cooling. The mean of these temperatinres, 858° 0 ., is called 
the critical temperature of iron. It will be obvious that this delay in cooling can 
only be due to an evolution of heat by the iron, which must indicate some pro- 
found change in the nature of the metal at this temperature. Thus, iron below 
858° C. must be different in nature from the metal above this temperature. Iron, 
below 858° C. is said to be in the a-condition, whilst above 858° 0 . it is in the | 3 - 
condition. 

Now it has been noted that steel cannot be hardened by sudden chilling unless 
it has been heated to a temperature higher than 858° 0. ; it has also been noted 
that when steel (containing about 0.5 per cent, of C.) is cooled from a white heat, 
there is a second arrest in the rate of cooling — namely, at 657° 0 . From the 
first of these observations it is concluded that the hardening of 'the iron by sudden 
chilling is due to the prevention of the change from a- into / 3 -iron, which would 
have occurred at 858° 0 . if the temperature had been allowed to fall slowly. The 
conclusion which is drawn from the second observation can only be understood 
when reference is made to the condition in which the carbon exists in steel. 

If hardened steel be dissolved in dilute HCl or HgSO^, nearly the 
whole of the carbon is evolved as hydrocarbons, but when the temper 
has been let down, so that the steel is completely softened, the carbon 
is left, on dissolution of the metal in acid, as a dark powder consisting of 
a carbide of iron, FCgO. Steel which has been partially tempered in the 
manner described above, is found to contain the carbon both in the 
invisible form, which yields hydrocarbons when the metal is dissolved 
in acids, and in the form of carbide disseminated as grey scales 
throughout the mass. Thus it has been concluded tbat the presence of 
the invisible carbon is essential to the hardness of the steel, and this 
carbon has consequently been termed hardening carbon ; it is supposed 
to be “ dissolved ” in the solid iron. 

The second arrest which occurs in the rate of cooling of steel can now be 
explained as due to the change of hardening carbon to carbide carbon, involving 
an evolution of heat. When the steel is suddenly cooled this change, like that of 
p- into a-iron, cannot occur, so that the hardening carbon remains as such, and 
will be evolved as hydrocarbons when the metal is dissolved in acids. 

From what has been said it will be concluded that soft steel contains a-iron 
and carbide carbon, whilst hardened steel contains / 3 -iron and hardening carbon. 

Manganese, nickel, chromium, and tungsten, respectively, in steel 
app^r to make it hard however it is cooled, and are used for making 
specially hard steel. Manganese steel containing 1 2 per cent, of that metal 
is non-magnetic, until it has been heated for .some hours at 500-600° C , 
when it becomes magnetic; if it then be heated above 800° C. and 
quickly cooled it again becomes non-magnetic. Steel containing 2 5 per 
cent, of nickel is non-magnetic when heated above 500° C. and cooled 



CHEMICAL PEOPEETIES OF IRON. 


376 

slowly or rapidly, but becomes magnetic when cooled below 0“ 0 . It 
has been already stated that P and S make steel cold-sbort and red- 
sbort respectively. 

221. Direct exfn'aciion of lorought-iron from the ore. — ■Wbere very rick 
and pure ores of iron, sucb as hsematite and magnetic iron ore, are 
obtainable, and fuel is abundant, tbe metal is sometimes extracted with- 
out being converted into cast-iron. It is probable that the iron of anti- 
qmty was extracted in this way, for it is doubtful whether cast-iron was 
known to the ancients, and the slag left from old ironworks does not 
indicate the use of any flux. For such direct extraction the ore is heated 
in a crucible with charcoal, the combustion being urged by a blast of air 
from a tuyere pipe. The spongy mass of bar iron thus obtained is 
hammered as in the puddling process. 

The wrought-iron produced by this process always contains a larger 
proportion of carbon than puddled iron contains, and is therefore some- 
what steely in character. In India the native smelters produce iron or 
steel at will by this process. 

222. Extraction of iron on the small scale. — 'In the laboratory, iron may be 
extracted from hsematite in the following manner : A fireclay crucible, about 
3 inches high, is filled with charcoal powder, rammed down in successive layers ; 
a smooth conical cavity is scooped in the charcoal, and a mixture of 100 grs. 

red hsematite, 25 grs. chalk, and 
25 grs. pipeclay, is introduced into 
it ; the mixture is covered with a 
layer of charcoal, and a lid placed 
on the crucible, which is heated in 
a Fletcher’s furnace for about half an 
hour. On breaking the cold crucible 
a button of cast-iron will be ob- 
tained. 

Nearly pure iron may be prepared 
by fusing the best wire-iron with 
Fig. 232.— Fletcher’s injector furnace. about one-fifth of its weight of pure 

ferric oxide, to oxidise the carbon 
and silicon which it contains. Some powdered green glass, perfectly free from 
lead, must be employed as a flux, and the crucible (with its cover well cemented, 
on with fireclay) exposed for an hour to a very high temperature. A silvery 
button of iron will then be obtained. 

223. Chemical properties of iron. — ^Pure iron is prepared by electrolysis. 
Its sp. gr. is 7.9 and it melts at 1600° C. In its ordinary condition iron 
is unaffected by perfectly dry air, but in the presence of moisture and 
carbonic acid gas it is gradually converted into hydrated ferric oxide 
(2^6203.31120) or rust.^ The water is decomposed, and ferrous carbonate 
formed (Fe + HjO -f- CO3 = FeCOj + II2) 3 this is dissolved by the car- 
bonic acid present, and the solution rapidly absorbs oxygen from the 
air, depositing the ferric oxide in a hydrated state; 2FeC03 + 0 = 
Fe203 4-2002. When iron nails are driven into a new oaken fence, a 
black streak will soon be observed descending from each nail, caused by 
the formation of tannate of iron (ink) by the action of the tannic acid 
in the wood upon the solution of carbonate of iron formed from the 
nails. The diffusion of iron-mould stains through the fibre of wet linen 
by contact with a nail, is also caused by the formation of solution of 
carbonate of iron. The iron in chalybeate waters is also generally pre- 
sent in the form of carbonate dissolved in carbonic acid, and hence the 

Most samples of rust are maguetio, indicating the presence of the magnetic oxide. I 
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rusty deposit "wliicli is formed 'when they are exposed to the air. Iron 
does not rust in "water containing a free alkali, or alkaline earth, or an 
alkaline carbonate. 

. Concentrated H^SO^ and HNOj do not act upon iron at the ordinary 
temperature, though they dissol" 7 e it rapidly "when diluted. Even when 
boiling, strong sulphuric acid acts upon it but slowly. When iron has 
been immersed in strong nitric acid (sp. gr. 1.45)1 it is found to be 
unattacked * when subsequently placed in HNO3 of sp. gr. 1.35, unless 
previously wiped ; it is then said to have assumed the passive state. If 
iron "wire be placed in HNO3 of sp. gr. 1.35, it is attacked immediately; 
but if a piece of gold or platinum be made to touch it beneath the acid, 
the iron assumes the passive state, and the action ceases at once. A state 
similar to this, the cause of which has not yet been satisfactorily ex- 
plained, is sometimes assumed by the other metals, though in a less 
marked degree. In the case of iron it has been attributed to the forma- 
tion of a coating of the magnetic oxide, which is sparingly soluble in 
strong HNO3. 

Fei'rwm redactum is iron in powder obtained by reducing Ee^Oj with 
hydrogen at a red heat in an iron tube. It always contains some FegO^. 

224. Ooddes of iron . — Three compounds of iron "with oxygen are 
known in the separate state ; EeO, ECjO^, FejOj. 

Ferrous oxide, or protoxide of iron, FeO, is obtained by heating 
ferric oxide to 500° 0 . in dry hydrogen ; Fe^Og + H, = HgO + aFeO. It 
is obtained as a grey powder, which readily absorbs 0 from the air, 
taking fire and becoming FejO^. It is a basic oxide, yielding ferrous 
salts. -In the finely divided state it decomposes water. 

Ferrous hydroxide, Fe(0H)3, is precipitated by alkalies from the ferrous 
salts. When pure it forms a white precipitate,, but if air be present it 
becomes green from the production of ferroso-ferric oxide, and ulti- 
mately brown ferric hydroxide. These changes are best seen when potash 
or ammonia is added to the ferrous salt obtained by shaking iron turn- 
ings or filings with a strong solution of sulphurous acid. This disposi- 
tion of the ferrous hydroxide to absorb oxygen is turned to advantage 
when a mixture of ferrous sulphate with lime or potash is employed 
for converting blue into white indigo. 

Ferric oxide, ov2)sroxide of iron, FCjOj, occurs as specular iron ore in six- 
sided crystals, and in hrematite, as already noticed among the ores of 
iron, and has also been referred to as occurring in commerce under the 
names of colcothar, jeweller's rouge, and Venetian red, which are ob- 
tained bj’ the calcination of the gi'een sulphate of iron; 2FeS04 = 
FcjOj + S 0 „ SO3. The hydroxide obtained by decomposing a solution of 
ferric chloride "^dth an alkali, foi'ms a brown gelatinous precipitate, 
which is easily dissolved by acids. When dried at 100° 0 ., it becomes 
2Feo03.II,0. If a hot solution of a ferric salt be precipitated by an alkali, 
and the precipitate dried over sulphuric acid, it becomes Fe3(0H)5.Fe,03, 
which is the composition of iron-i’ust and of some brown hjematites. 
When either of the hydroxides is heated to dull redness, it exhibits a 
sudden glow, and is converted into a modification of FCjOj, which is 
dissolved with gi’eat difficulty by acids, although it has the same com- 
position as the soluble fox-m which has not been strongly heated. 

* It is doubtful "wbether tbo iron over remains quite unnttacted, although no gas is 
evolved. 
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Wlien tlie ferric oxide is heabed to whiteness, it loses oxygen, and is 
converted into magnetic oxide of iron; 3Fe,03 = cFOgO^ + 0 . Existing 
as it does in all soils, ferric oxide is believed to fulfil the purpose of 
oxidising the organic matter in the soil, and converting its carbon into 
carbon dioxide, to be absorbed by the plant ; the ferric oxide being thus 
reduced to ferrous oxide, which is oxidised by the air, and fitted to 
perform again the same office. Ferric oxide, like alumina, is a weak 
base, and even exhibits some tendency to play the part of an acid 
towards strong bases, though not in so marked a degree as alumina. 
When Fe^Oj is heated in a stream of H or CO, it yields Fe304 at 
350° C,, pyrophoric FeO at 500° C., and metallic iron at from 700° to 
800° C. 

Magnetic or black oxide of iron, or magnetite, is generally regarded 

as a compound of ferrous oxide with ferric oxide (Fe0.Fej03), a view 
which is confirmed by the occurrence of a number of minerals having 
the same crystalline form as the native magnetic oxide of iron, in 
which the iron, or part of it, is displaced by other metals. Thus, 
spinelle is Mg0.Al,03 ; Franhlinite, ZnO.Fe^Og ; chrome-iron ore, 
Fe0.0rj03; pleonaste, Mg0.Fej03; Gahnite, ZnO.AlS)^ The natural 
magnetic oxide was mentioned among the ores of iron, and this oxide 
has been seen to be the result of the action of air or steam upon 
iron at a high temperature. The hydrated magnetic oxide of iron 
(Fe304.B[20) is obtained as a black crystalline powder by mixing i mole- 
cule of ferrous sulphate with i molecule of ferric sulphate, and pouring 
the mixture into a slight excess of solution of ammonia, which is after- 
wards boiled with it. Magnetic oxide of iron, when acted upon by 
acids, yields mixtures of ferrous and ferric salts, so that it is not' an 
independent basic oxide. 

The very stable character of Fe304 has led to its application for pro- 
tecting iron from rust. When superheated steam is passed over the 
red-hot metal, a very dense strongly adherent film of FOjO^ is produced, 
which effectually protects the metal {Barff’s process). A similar coat- 
ing is produced by the action of a mixture of air and carbonic acid gas 
(Bower’s process). 

Ferric acid, H^FeO^, has not been obtained in the free state, but some 
of its salts are known.^ 

When iron filings are strongly heated with nitre, and the mass treated with a 
little water, a fine purple solution of potassium ferrate is obtained. A better 
method of preparing this salt consists in suspending i part of freshly precipitated 
ferric hydrate in 50 parts of water, adding 30 parts of solid potassium hydrate 
and passing chlorine till a slight effervescence commences ; Fe„03+ Clg+ ioKOH= 
dKCl + eli^FeO^l + sHjO ; the ferrate forms a black precipitate, being insoluble 
in the strongly alkaline solution, though it dissolves in pure water to form a 
purple solution, which is decomposed even by dilution, oxygen escaping, and 
hydrated ferric oxide being precipitated. A similar decomposition takes place 
on boiling a strong solution, or on adding an acid with a view to liberate the 
ferric acid. The ferrates of barium, strontium, and calcium are obtained as 
fine red precipitates when solutions of their salts are mixed with potassium ferrate. 

As a lecture experiment, the ferrate is readily prepared by dissolving a frag- 
ment of KOH in a little solution of Fe„CIg, adding a few drops of bromine, and 
gently heating. On dissolving the cold mass in water, a fine red solution is 
obtained, which gives a red granular precipitate with BaCl^. 

* The common ferrates correspond with an anhydride, FeOa. Lately a harinm por- 
fcp-ate corresponding with Fe04 has been prepared, a fact important from the point of 
view of the periodic law (p. 276). 
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The pink solution obtained by boiling some samples of chloride of lime with 
water contains calcium ferrate, and gives a pink precipitate with BaOL. By 
boiling Fe^Clg with excess of chloride of lime, a fine pink solution of calcium 
ferrate is obtained. 

Ferrous carlonate, FeCOj, or spathic iron ore, or siderite, is found in rhombo- 
hedral crystals associated with the carbonates of Ca, Mg, and Mn, which are 
isomorphous with it. It occurs in chalybeate waters, dissolved in carbonic acid, 
and deposits as ferric hydrate when the water is exposed to air. If powdered 
iron which has been reduced from the oxide by hydrogen (ferrum redactum) be 
suspended in water, and a stream of CO„ be passed for some time, a solution of 
FeOOg in carbonic acid is obtained, which, when filtered, is colourless, becomes 
rusty when exposed to air, and gives, when boiled, an abundant precipitate of 
FeCOg, which is nearly white, and becomes green when exposed to air. Sodium 
carbonate added to a ferrous salt gives a white precipitate if all air he excluded. ; 
otherwise, oxygen is absorbed, and a dingy green precipitate containing FCgO^ is 
formed. ‘ . . . . 

The substance sold as ferric carbonate, obtained by precipitating a ferric salt 
with sodium carbonate, is mainly ferric hydrate, since weak bases like FegOg do 
not form carbonates. 

225. Ferrous svlplmte^ copperas, green vitriol, or sulphate of, iron, is 
easily obtained by heating i part of iron wire with i-i- part of strong 
sulphuric acid, mixed with 4 times its weight of water, until the whole 
of the metal is dissolved, when the solution is allowed to crystallise. Its 
manufacture on the large scale by the oxidation of iron pyrites has been 
already referred to. , It forms fine green rhomboidal crystals, having the 
composition FeSO4.HjO.6Aq. 

The colour of the crystals varies somewhat, from the occasional pre^ 
sence of small quantities of ferric sulphate, Fej(S04)3. It dissolves very 
easily in t-wice its weight of cold -water, yielding a pale green solution. 
One part of boiling water dissolves about 2.5 parts of the crystals. 
When the commercial sulphate of iron is boiled with water it yields a 
brown muddy solution, in consequence of the decomposition of the 
ferric sulphate contained in it, with precipitation of a basic sulphate. 
Ferrous sulphate has a great tendency to absorb oxygen, and to become 
converted into ferric sulphate. 

This 'disposition to absorb oxygen renders the ferrous sulphate useful 
as a reducing agent ; thus, it is employed for precipitating gold in the 
metallic state from its solutions. But its chief use is for the manu- 
facture of ink and black dyes by its action upon vegetable infusions 
containing tannic acid, such as that of nut-galls. This application will 
be more particularly noticed hereafter. 

Crystals of FeSO4.HjO.4Aq, isomorphous with CuSO4.HjO.4Aq, may be obtained 
by dropping a crystal of cupric sulphate into a supersaturated solution of ferrous 
sulphate. As in the case of MgSO^.yHjO (p 338.) one molecule of the HjO in 
FeS04.7Hj0 is replaceable by other sulphates : thus, ammonium ferrous sulphate, 
FeS04.(NH4)jS04.6Hj0, is well known. 

The salt FeSO^.SOg is obtained in minute prismatic crystals when a saturated 
solution of ferrous sulphate is added to an excess of strong sulphuric acid. 

Ferric sulphate, rej(S 04 ) 3 , isfound in Chili as a white silky crystalline mineral, 
coquimhite, having the composition Fe^lSO^lg.pAq. Iron alums, constructed on the 
type of the .common alums (p. 349),' with Fe'" in place of Al"' (c.g., NH^.Fe" 
(S0 ^)j.I2Hj 0), are commercial salts. 

lerrous phosphate, TefTO,),, and arsenate, reg(AsO,).j. are used in medicine, 
being prepared by precipitating ferrous sulphate with a mixture of sodium 
acetate and sodium phosphate or arsenate. The acetate is used so that the re- 
sulting liquid may contain free acetic acid instead of the free sulphuric formed 
by the H in the sodium salt ; 3FeS04-h2NajHP0,=reg(P04)j-f aNaBO^-f ILSO^. 
Both the phosphate and arsenate are white when perfectly pure, but they become 
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blue -wben exposed to air, from the production of a little ferroso-ferric salt. The 
precipitated ferine phosphate is 2FeP04.5Aq. Ferrous phosphate is found in the 
mineral Tivianite, or native Prussian hlue, Fe3(P04)2.8Aq. 

Ferrous silieate, Fe^SiO^, is found crystallised in ‘finery einder of the ironworks. 

Ferrous chloride, Fed,, sublimes in colourless six-sided scales when 
iron is heated in HCl gas. It is deliquescent, and crystallises from 
water in pale green crystals, Fe01„.4Aq, which are oxidised by air. 

Ferroits iodide, Fel,, is prepared by digesting fine iron wire with 
twice its weight of iodine and about eight parts of water for some time, 
afterwards boiling till the red colour has disappeared, filtering, and 
evaporating in contact with clean iron. It forms green crystals, Fel2.5Aq, 
which are deliquescent and very soluble in water. The solution absorbs 
oxygen from the air, and deposits a brown precipitate unless kept in 
contact with clean iron or mixed Avith strong syrup. • 

226. Ferric chloride, or perchloride of iron (Fe^Clg), is obtained in 
beautiful dark green crystalline scales when iron wire is heated in a 
glass tube through which a current of dry chlorine is passed, the ferric 
chloride passing off in vapour, and condensing in the cool part of the 
tube. The crystals almost instantly become wet when exposed to air 
on account of their great attraction for water. Ferric chloride may be 
obtained in solution by dissolving iron in hydrochloric acid, and con- 
verting the ferrous chloride (FeCl,) thus formed into ferric chloride by 
the action of nitric and hydrochloric acids (p. 186). A strong solution 
yields crystals of FejCl5.2Aq. The aqueous solution reddens litmus. 
The crystals are decomposed by heat, leaving an oxychloride. The 
solution of ferric chloride has been recommended in some cases as a 
disinfectant, being easily reduced to ferrous chloride, and thus afibrd- 
ing chlorine to oxidise unstable organic matters (p. 1 68). In contact with 
paper, Fe„Clg becomes reduced to FeCl„ Avhen exposed to light. A 
solution of perchloride of iron in alcohol is used in medicine under the 
name of tincture of iron. It is also soluble in ether. 

Solution of ferric chloride is capable of dissolving a very large quantity oipure 
freshly precipitated ferric oxide, nine molecules of Fe^Oj being dissolved by one 
molecule of Fe„Cl,. The solution of ferric oxychloride thus obtained has a very 
dark-red colour, and yields a very copious brown precipitate with common water, 
or any solution containing even a trace of a sulphate. By dialysis, an aqueous 
solution of ferric oxide is left in the dialyser. When the aqueous solution of 
Fe^Clgis heated, it dissociates into a similar soluble hydroxide and HCl. 

Ferrous sulphide, B'eS, is formed when a red-hot bar of iron is rubbed with a 
stick of sulphur, the fused FeS running off in globules. It is usually prepared 
by mixing 3 parts of iron filings with 2 parts of sulphur, and throwing the mix- 
ture, a little at a time, into a red-hot crucible, when it forms a fused metallic- 
looldng mass. It is obtained as a black precipitate wben an alkaline sulphide is 
added to a ferrous salt. It is easily oxidised when exposed to air in a moist 
state, and dissolves readily in HCl, being indeed the only black sulphide which 
dissolves easily in dilute HCl. It is used in the laboratory for makine H.,S. 

jl/o^neffc pyrites, Fe.Sj, is found in yellow six-sided crystals. 

Iron yyrites, or mundic, FeS_„ forms yellow cubes or octahedra of sp. gr. 5.2. 
It is formed by the slow reduction of ferrous sulphate by organic matter, and its 
presence in coal appears to be accounted for in this way. Minute crystals of 
iron pyrites are sometimes found as rough casts of organic substances. It burns 
when heated, yielding Fe^Oj and SO„, and is largely used as a source of the 
latter by the vitriol manufacturer. Sulphur itself may be obtained from it by 
distillation at a high temperature, Fe3S4 being left. FeS, is insoluble in HCl, 
which distinguishes it from FeS. It may be dissolved by nitric acid. Badiated 
pyrites, or white pyrites, 01 marcasite, has the same composition, but its sp. gr. is 
only 4.8. 
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Some kinds of pyrites explode with considerable violence when heated, and 
create much alarm' when they occur in household coal ; these have been found 
to contain small cavities filled with highly compressed (probably liquid) CO., 
which expands suddenly when heated. 

Compact yellow iron pyrites is not oxidised by exposure to air, but white 
pyrites is easily converted into ferrous sulphate and sulphuric acid. Even yellow 
pyrites in minute crystals diffused through clay will behave in the same way. 

The FeS. may be obtained artificially by heating iron with excess of sulphur to 
a temperature below redness, or by heating ferric oxide or hydrate moderately in 
a stream of H.E as long as it increases in weight. 

Iron nitride, a compound of iron with about 9 per cent, of nitrogen, has been 
found as a silvery deposit on the lavas of Etna. It yields ammonia when he.ated 
in hydrogen. 

Iron cartoiii/?)!.— When finely divided iron, prepared by igniting ferrous oxalate 
and reducing the resulting oxide in a current of hydrogen, is allowed to remain 
in the cold in contact with CO, a compound Fc{CO)^, iron 2Jentacarhoni/I, is formed 
and can be distilled from the un.altercd iron at 120° C. and condensed in a receiver 
surrounded by ice and s.alt. It is an amber-coloured liquid oi sp. gr. 1.46 ; it 
boils at 103° C. and crystallises below — 21° C. ; at iSo° C. it is decomposed into 
Fe and CO. It dissolves in many organic solvents, and is slowly decomposed 
with precipitation of Fe.(OH),. on exposure to air. When exposed to sunlight it 
deposits golden scales which appear to have the composition Fe(CO)., iron hejda- 
carlonyl. The properties of these compounds should be compared with those of 
nickel carbonyl (p. 3S6). Iron carbonyl has been detected in coal g.as which has 
. been compressed in iron cylinders. 

227. Atomic xmigld of iron . — iron is dissolved in hydrochloric 
acid, 28 parts by weight of iron combine with 35.5 parts of chlorine, 
displacing i part of hydrogen. The specific heat of iron, and its iso- 
morphism with magnesium, zinc, and cadmium, show that its atomic 
weight must be represented by 56, so that iron is a diad or divalent ele- 
ment, one atom of iron being exchangeable for two atoms of hydrogen. 

The molecular formula of ferric chloride has been confirmed by the 
determination of the vapour density at 400° 0., which has been found 
to be 165, corresponding mth the formula Fe,01g. But at higher tem- 
peratures the vapour density approaches 81.25, coi'responding with the 
formula FeOlg, although it does not quite reach this value, since a 
certain amount of dissociation into FeCl, and Cl, occurs. 

It will be remarked that ii’on possesses a different valency accordingly 
as it exists in ferrous or ferric compounds. Thus, in ferrous oxide (FeO) 
and ferrous chloride (FeOlj) it occupies the place of two atoms of hydi’o- 
gen, and is diatomic; but in ferric oxide (Fe^Oj) and ferric chloride 
(FcjOlg) each atom of iron occupies the place of three atoms of hydro- 
gen, and is triatomic. 

Iron is remarkable for its two series of fairly stable salts, the ferrous 
and ferric, the former acting as reducing agents, -and the latter as 
omdising agents. Ferrous iron resembles magnesium and zinc in its 
disposition to form double salts with salts of ammonium, hence its 
solutions are imperfectly precipitated by ammonia ; but ferric iron 
resembles aluminium, and is completely precipitated. Nitric acid, 
chloric acid, and chlorine will always convert ferrous into ferric salts, 
and ensure complete precipitation by ammonia. 

Some chemists designate the diatomic iron existing in ferrous compounds by 
the name ferrosum (Fe"), and the triatomic iron of the ferric compounds by 
ferricum (Pe"'). Others regard iron as a tetratomic metal Pe''^, existing in the 
ferrous salts as a group of two atoms united by two bonds, and in the ferric salts 
as a group of two atoms united by one bond. On this view, ferrous chloride 
would be PejCl,, ' or CL,=Pe=Pe=Cl2, and ferric chloride would be Pe.CL, or 
Cl3=Pe— Fe=Cl3. . ^ 
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COBALT. 

Co"=59 parts by weight. 

228. Some of the compounds of cobalt are of considerable importance 
in the arts, on account of theii* brilliant and permanent colours. It is 
generally found in combination with arsenic and sulphur, forming tin- 
white cobalt^ CoAs,, and cobalt glance, CoAsj.CoS^, but its ores also 
generally contain nickel, copper, iron, manganese, and bismuth. 

The metal itself is obtained by strongly heating cobalt oxide with 
charcoal, in the manner to be described for preparing nickel from its 
oxide. In its properties it closely resembles iron, but it is said to 
sui-pass iron in tenacity. It is magnetic. It is heavier than iron, sp. gr. 
8.5, and rather more easily fusible (1500° 0 .). It has been substituted 
for nickel in plating goods which are usually nickel-plated. 

Three oxides of cobalt, corresponding with those of iron, are known : 
cobaltous oxide, CoO; cobaltic oxide, Co^O,; and cobalto-cobaltic oxide, 
CO3O4 or CoO.COjOj. The first of these, CoO, is a brown powder left 
when Co(OH)„ is ignited in absence of air ; it is a basic oxide, dissolv- 
ing in acids to form cobaltous salts. When heated in air, it oxidises to 
CoO.CojOj. When heated in the electric furnace, it melts and forms 
rose-coloured crystals. 

Cobaltic oxide is left as a black powder when cobaltous nitrate is 
gently heated. It is a feeble base, but the cobaltic salts are very un- 
stable ; thus the oxide dissolves in cold HCl, yielding a brown solution 
of cobaltic chloride, COjCl,,, which is easily decomposed when heated, 
evolving CI3 and leaving 2C0CI3. When COoOg is heated it becomes 
CoO.CojOj. 

Cobalto-cobaltic oxide is the commercial oxide of cobalt employed for 
painting on porcelain, and for preparing other commercial cobalt pro- 
ducts. It is a black powder, which evolves chlorine when boiled with 
HCl, yielding a solution of OoClj. It is generally prepared as a bye- 
product in the manufacture of nickel from its arsenical ores (see 
JSfickeT). Cof)^ is not an independent base, but gives cobaltous and 
cobaltic salts when dissolved in acids. 

Cobaltous hydroxide, Co(OH)3, is obtained by adding potash in excess 
to a solution of a cobaltous salt, and boiling. The blue precipitate pro- 
duced at first is a basic salt which becomes converted into the red 
hydroxide on boiling with excess of potash. If air be allowed access, it 
oxidises the red precipitate, converting it into brown cobaltic hydroxide. 
Co(OH) 2 dissolves in ammonia, giving a fine red solution which absorbs 
oxygen from the ah’ and becomes brown. Cobaltic hyd/roxide, Co2(OH)5, 
forms the black precipitate when the solution of a hypochlorite or hypo- 
bromite is added to a cobaltous salt. 

Cobaltous nitrate, Oo(NOg)2.6Aq, obtained by dissolving cobalt oxide 
in HNO3 and crystallising, forms red prisms which become blue when 
their water is expelled, and black COgOj on further heating. 

Cobalt-yellow or potassium-cobaltic nitrite, is obtained 

as a yellow precipitate when cobaltous nitrate is acidified with acetic 
acid, and potassium nitrite added ; the acetic acid liberates nitrous acid, 
w’hich oxidises the cobaltous salt; 2Co"(N03)2-l- loKNO -f /j TTTs TO = 
I^GCo"'2(lSr02)j2-f4HjSr03-}-2HO-f-2H20. It forms a yellow crystalline 
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precipitate, slightly soluble in water, and not decomposed by cold HCl 
or HlS’O.j. Caustic alkalies decompose it, separating Co2(On)j. 

Gohal'ious chloride (CoCl), obtained by dissolving any of the oxides 
in hydrochloric acid, forms red prisms, CoC].-6Aq, which become blue 
CoCh.cAq at 120° C., and at 140” 0 ., CoCl,, which may be sublimed 
in dai’k blue scales in a current of chlorine. If strong hydrochloric 
acid be added to a red solution of this salt, it becomes blue ; if enough 
water be now added to render it pink, the blue colour may be produced 
at pleasure by boiling, the solution first passing through a neutral tint.’’ 
Chloi’ide {mio'iate) of cobalt is employed as a symimthctic ink, ior charac- 
ters written with its pink solution are nearly invisible until they are 
held before the fire, when they become blue, and resume their original 
pink colour if exposed to the air; a little chloride of iron causes a green 
colour. 

The cobaltous suljdiidc (CoS) is obtained as a black precipitate when an alkaline 
sulphide is added to a solution of a salt of cobalt. It differs from FeS by being 
insoluble in HCl. A cohaUic mlpMdc (Co^S,) is found in grey octahedra, forming 
cobalt ip/riles. The disulphide (CoS;) has been obtained artificially. 

Cobaltous sulphate, CoSOj. 7 H; 0 , is found as cobalt vitriol. It forms red_ prisms 
isomorphous with ferrous sulphate. It does not become blue when dried, and 
bears a high temperature without decomposing. Cobaltic sulphate and cobaltic 
alums have been prepared. 

• Cobaltous arsenate, or cobalt bloom, Co3(As04)„.SAq, is found in pink needles. 

Cobalt di-arsenide, CoAS;, is found crystallised as tin tohiie cobalt and speiss 
cobalt, in which it is associated with the isomorphous arsenides of nickel and 
iron, so that it is written [CoNiKe]Asj. CoAsj is also found in nature. 

The cobaltous silicate associated ■with potassium silicate forms the blue 
colour known as smalt, which* is prepared by roasting the cbbalt ore, so 
as to convert the bulk of the cobalt into oxide, lea'ving, however, a con- 
siderable quantity of ai’senic and sulphur still in the ore. The residue 
is then fused in a crucible with ground quartz and carbonate of potash, 
when a blue glass is formed, containing cobalt silicate and potassium 
silicate ; whilst the iron, nickel, and copper, combined with arsenic and 
sulphur, collect at the bottom of the crucible and form a fused mass of 
metallic appearance known as speiss, which is employed as a source of 
nickel. The blue glass is poured into cold water, so that it may be 
more easily reduced to the fine powder in which the smalt is sold. If 
the cobalt ore destined for smalt be over-roasted, so as to convert the 
iron into oxide, this "will pass into the smalt as a silicate, injuring its 
colour. Smalt much resembles ultramarine, but is not bleached by 
acids. 

Zaffre is prepared by roasting a mixture of cobalt ore with two or 
three parts of sand. 

TMnard’s blue, or cobalt ultramarine, consists of cobalt phosphate and 
aluminium phosphate, and is prepared by mixing precipitated alumina ' 
with cobalt phosphate and calcining in a covered crucible. The phos- 
phate is obtained by precipitating a solution of cobalt nitrate with 
phosphate of potassium or sodium. 

Rinmann's green is prepared by calcining the precipitate produced by 
sodium carbonate in a mixture of cobalt sulphate with zinc sulphate. It 
is a compound of the oxides of cobalt and zinc. 

_ * A solution containing so small a quantity as 0.015 P®*" cobalt will give a dis- 

tinct blue colour when boiled with an equal bulk of strong hydrochloric acid. 
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The relations of ammonia to the cohalt salts are vei’y remarkable and 
characteristic, the NH3 combining both with cobaltous and cohaltic salts 
to form compounds which behave like salts of new bases containing 
cobalt, nitrogen, and hydrogen, known as cohaltosamines and cobalta- 
mines. 

When NHj is added to the solution of a cobaltous salt, air being excluded, a 
cobaltosamine salt of the general type C0X2.6NH3, where X is an acid radicle, is 
formed. When these are exposed to the air they undergo oxidation, yielding 
oxycobaltamine salts of the type C0OX2.5NH,, in which the cobalt may be regarded 
as tetrad, corresponding with the oxide CoO,* ; these salts lose oxygen, becoming 
cobaltamine salts, when their solutions are heated. If the cobaltosamine solution 
be fairly dilute when it is exposed to the air, the oxy-salt will not be formed, and 
on addition of an acid a cobaltamine salt will be separated. These are of six 
types, represented respectively by C0XJ.2NH3, CoX,.3NH3, C0X3.4NH3, C0X3.5NH3, 
and CoiJ^.dNHa ; they are all coloured salts and distinguished by prefixes signifying 
the colour characteristic of the series — ^for example, xantho- (yellow), luteo- 
(yellow), roseo; purpurea-, croceo- (saffron), and fusco- (brown) cobaltamine 
salts are all of these types. 

Cobalt is seen to resemble iron in many respects, but the cobaltic 
compounds are much less stable than the ferric compounds. Cobaltous 
compounds become oxidised to cobaltic compounds only in solutions 
which are neutral or alkaline, while ferrous compounds are easily 
oxidised in acid solutions. Both iron and cobalt form remarkable 
compounds with potassium and cyanogen, iron forming the' ferro- 
cyanide, K^Fe^Cy^, and ferricyanide, K3F"'Cy5, while cobalt forms 
the cobalticyanide, KjCo'^'Cyg (see Cyanidei). No carbonyl of cobalt 
has yet been obtained. 


NICKEL. 

Ni"= 58.7 parts by weight. 

229. Nickel owes its value in the useful arts chiefly to its property 
of imparting a white colour to the alloys of copper and zinc, with which 
it forms the alloy known as German silver, and to the ease with which 
it can be deposited by electrolysis on other metals (electro-plating), as a 
lustrous and coherent film which is only slowly tarnished by the atmo- 
sphere. Dishes and crucibles of this metal are used in the laboratory in 
many cases as substitutes for those of platinum and silver, though they 
.are,, of course, more easily oxidised. It has been found possible to weld 
sheet nickel upon iron and steel plates, and culinary vessels, &c., have 
been made of such plates, which are not liable to rust. Steel contain- 
ing nickel is exceptionally hard. Alloys of copper and nickel are used 
in coinage. Nickel is very nearly allied to cobalt, and generally occurs 
associated with that metal in its ores. 

Recently a nickel ore has been discovered in Canada, which consists 
of magnetic iron pyrites (FegS^) in which some 3-8 per cent, of the 
iron is replaced by nickel. This promises to become the most impor- 
tant ore of nickel, though at present the mineral garnierite, a silicate 
of nickel and magnesium found in New Caledonia, furnishes the largest 
supply of the metal. The first of these ores contains a little cobalt, but 
the second is free from that metal. The Saxon and Bohemian ores 


Some evidence lias recently been afforded of the existence of tbis oxide. 
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of nickel contain cobalt, arsenic, sulphur, and iron; the chief 
are IcitpJernicJicl, NiAs, nickel glance, iNiAso.NiS,, and nickel blende, 
I^iS. 

In the extraction of metals from ores which contain much iron sul- 
phide, as is always the case ^\’ith sulphureous nickel ores, advantage is 
taken of the ease with which iron sulphide can he roaclcd to oxide,* 
and the oxide fluxed as ferrous silicate by fusion with silica. This 
method of remonng iron may be extended to those nickel ores which 
contain no sulphur, by heating them with gypsum and coke, when the 
iron becomes converted into sulphide. When the iron has been removed, 
a mixture of the sulphides of nickel and copper (when this is present in 
the ores) remains. This is completely oxidised by roasting in aii',t and 
the mixture of oxides of nickel and copper is treated with dilute sul- 
phuric acid, which dissolves the copper oxide ; the nickel oxide is made 
into a paste with charcoal, the paste is cut into cubes and heated to 
reduce the nickel, which retains the shape of the cubes. The com- 
mercial metal contains carbon, iron, silicon, and sulphur. The furnace 
operations necessary for the above process will be understood by refer- 
ence to the metallurgy of copper. 

The ai'senical nickel ores are treated as described above for the re- 
moval of iron, and the thus obtained, consisting essentially of 

nickel and arsenic, but containing a little cobalt and copper, is treated 
by a wet method for the separation of the cobalt. • This is efiected by 
i-oasting the speisS to expel most of the arsenic, dissolving in HCl, per- 
oxidising the solution by bleaching powder, and neutralising with 
chalk ; in this way the iron is precipitated as basic ferric carbonate, 
and the remaining ai’senic as ferric arsenate. H,S is passed through 
the solution to precipitate bismuth and copper as sulphides, leaving 
cobalt and nickel in solution. The latter, having been boiled to expel 
the excess of HjS, is neutralised with lime and mixed mth bleaching 
powder, which precipitates the cobalt as Oo^Oj, leaving NiO in solution, 
from which it may be precipitated by adding lime ; it is reduced as 
described above. The Co^Oj becomes COjO^ when ignited. 

Nickel closely resembles iron, but is less attacked by air and water ; 
its sp. gr. is 8.8, and it melts at 1600° 0 . At ordinary temperatures it is 
magnetic, but it loses this property at 250° 0. 

The oxides of nickel correspond in composition with those of cobalt. 
The salts formed by nickelous oxide (NiO) are usually green, and give 
bright green solutions. The hydroxide has a characteristic apple-green 
colour, and does not absorb oxygen from the air like the cobaltous 
hydroxide. It dissolves in ammonia with a blue colour unchanged by 
air. The greater facility with which the cobalt is converted into 
sesquioxide has been applied (as above described) to efiect the separa- 
tion of the two metals. NiO has been found native in octahedral crystals, 
which have also been obtained accidentally in a copper-smelting furnace ; 
it melts and crystallises in the electric arc. 

NijO^ is obtained by passing moist oxygen over NiClj at about 400° 0 . 
It has a metallic appearance, and is seen in octahedral crystals under 
the microscope. It is converted into NiO when heated, and dissolves 
in hydrochloric acid with evolution of chlorine. 

Nickel sulphate (NiSO^.H^O.dAq) forms fine green prismatic crys- 

^ 2FgS2+0jj=:F6203 + 4S02* NiS + 03 = Ni0 + fcsOo. 
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tals, the water of constitution in which may be displaced by or 

Nickel cunimonium mlpliate, NiS04.(NH^),S04.6H„0, is used in 
electro-plating with nickel. It is almost] insoluble in ammonium 
sulphate solution. 

Nickel sulphate may be obtained by dissolving nickel in dilute sul- 
phuric acid. It is isomorphous with the sulphates of Mg, Zn, Fe, and 
Co. When ammonia is added to its solution, it produces a green pre- 
cipitate of a basic salt, which dissolves in excess of ammonia to a violet 
solution, depositing violet crystals of NiS0^.4NH3.2ll20. 

Four sulphides of nickel are known — NijS, NiS, NijS^ and NiS,. NiS 
is found native as capillary pyrites, and is obtained as a black precipitate 
by the action of an alkaline sulphide on a salt of nickel ; like cobalt 
sulphide, it is insoluble in HOI ; but ammonium disulphide dissolves it 
to a dark brown liquid. 

Nickel carbonyl, Ni(CO)^, is a colourless liquid (sp. gr. 1.3) which hoils 
at 43° 0 . and crystallises at — 25° C. It is prepared by passing dry 00 
through a tube containing finely divided nickel which has been reduced 
from NiO by heating it in hydrogen at 400° 0 . The Ni(CO)^ is condensed 
from the excess of CO used by passing the gas through a tube surrounded 
by ice and salt. It is insoluble in water, but dissolves in alcohol, benzene, 
and chloroform. Its vapour is decomposed at 150° 0 . into CO and Ni, 
which is deposited in the form of a mirror on the sides of the vessel ; it 
is a powerful reducing agent. Theoretically, it is of great importance as 
furnishing a volatile compound, by means of which the atomic weight of 
nickel can be determined. 

Nickel is farther removed fi*om iron than cobalt is; its peroxide, 
Ni^Og, shows no disposition to form salts, and it does not form any com- 
pound corresponding with ferro- or cobalti-cyanides. It has far less 
colouring power than cobalt, and its salts are commonly green. In 
many respects nickel more nearly resembles copper than iron. 

The statement that a new mctaX. (Gnomium), giving a white oxide, could be 
separated from what is now called nickel, has not been substantiated. 


MANGANESE. 

Mn" = 55 parts by weight. 

230. Manganese much resembles iron in several particulars relating 
both to its physical and chemical characters, and is often found asso- 
ciated, in small quantities, with the compounds of that metal. It is 
found chiefly as pyrolusite, MnO^, hraunite, Mn^Oj, and manganese 
spar, MnOOg. The metal itself has not been applied to any useful 
purpose. It is obtained either by reducing one of the oxides with char- 
coal at a very high temperature — when a fused mass, composed of 
manganese combined with a little carbon (corresponding with cast-iron), 
is obtained, and may be freed from carbon by a second fusion in contact 
with manganous oxide — or by reducing MnCl^ with magnesium. 

^ Manganese is grey with a red tinge, hard and brittle, sp. gr. 8, very 
difficult to fuse (1900° C.), and more easily oxidised than iron, so that 
it decomposes water when slightly warmed. It is not magnetic. It 
appears to be more volatile than iron. 
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]\Ianganese dissolves easily in diluted liydrochloric or sulphuric acid, 
Mn displacing H„, like Fe and Cr. It resembles iron in its tendency ' 
to combine with" carbon at a high temperature to form a compound 
corresponding with cast-iron, and in this form the .manganese is not 
oxidised by air. 

Spiegelreisen and feiro-mangancse are alloys containimg iron, manga- 
nese, and cai’bon, which are largely used in the production of steel. 

231. Oxides ofmaxgaxese, MnO, Mn^Oj, MUgO^, MnOj, MnOg, Mn, 0 . ; 
the first two are bases, the 'last two anh5'drides. 

Manganese dioxide or peroxide, MnO,, is the chief form in which 
this metal is found in nature, and is the source from which all other 
compounds of manganese are obtained. Its chief mineral form is 
pyrolusite, which forms steel-grey prismatic cr5’^stals of sp. gr. 4.9 ; but 
it is also found amorphous, as psilomelane, and in the hydrated state as 
load. In commerce, pyrolusite is known as black manganese, or simply 
manganese, and is largely imported from Germany, Spain, (tc., for the 
use of the manufacturer of bleaching-powder and the glass-maker. It 
is also used as a cheap source of oxygen, which it evolves when heated 
to redness, without fusing, leaving the red oxide of manganese, MngO^. 
The manganese dioxide is an indifferent oxide, and does not combine 
with acids. Strong HCl, however, dissolves it, giving a brown solution 
from which water precipitates a brown oxychloride. If the bi’own 
solution, which probably contains MnjOlg and MnCl^, be heated, it evolves 
Clj and becomes colourless MnCh. Nitric acid is almost without action 
on MnOg. Strong sulphuric acid evolves oxygen from it ; MnOg + HjSO^ = 
Mn SO^-4- TTgO-f O, Even dilute sulphuric acid effects the same change 
if some substance ready to combine with oxygen is added, such as 
ferrous sulphate or oxalic acid. Hence a mixture of MnOg and HgSO^ 
is much used as an oxidising agent. 

When heated in hydrogen, the oxides of manganese are not reduced 
to the metal, like those of iron, but are converted into MnO. 

Manganous oxide, MnO, obtained in this way, is a greenish powder. It has been 
obtained in transparent emerald-green crystals. It easily absorbs oxygen from 
the air. It is a basic oxide,'- dissolving in acids to form the manganous salts. It 
has been found native in a manganiferous dolomite. 

Manganic oxide, or manganese sesquioxide, Mn^Oj, is found in the mineral 
hraunite in octahedral crystals. By its general appearance it might be mistaken 
for MnOj, but it dissolves in moderately strong sulphuric acid, forming a red 
solution' of manganic stdphate, Mn„(S04),. 

MUjOg is a feebly basic oxide. It may be obtained by heating any of the 
oxides of manganese to redness in a current of oxygen, while MngOj is formed 
when any one of the oxides is heated in air. When MnO„ in very small quantity 
is added to melted glass, it imparts a purple colour, which is probably due to the 
formation of a manganic silicate. The amethyst is believed by some to owe its ’ 
colour to the same cause. 

Red oxide of manganese (MUgO^) is the most stable of the oxides of this metal, 
and is formed when either of the others is heated in air. Thus obtained, it has a 
brown or reddish colour ; but it is found in nature as the black mineral Jiausmannite. 

In composition it resembles the magnetic oxide of iron, but it seems probable that 
its true formula is 2MnO.MnO„, for when treated with diluted nitric acid it leaves 
the black hydrated dioxide. (Strong sulphuric acid dissolves it to a red liquid 
containing manganous and manganic sulphates. Dilute sulphuric acid leaves 
MnO„ undissolved. ^ HCl dissolves it when heated, evolving Cl and leaving MnCl„. 

MnOg, or manganic anhydride, is formed in small quantity by dropping a solution 
of potassium permanganate in concentrated H„SO< upon dry NaXOg, and con- 
densing the pink cloud which arises, in a tube cooled by ice and salt. It is a red 
amorphous mass, yielding manganic acid in contact with water. 



388 


MANGANATES AND PERMANGANATES. 


Permanganic anhydride, MnD,, is a red oily liquid formed when potassium 
permanganate is decomposed by strong sulphuric acid; K2Mn„0j + 2H2S04= 
2KHS04 + Mn„ 0 , + H„ 0 . It decomposes slowly, even at common temperatures, 
evolving oxygen, together with violet vapour of Mn„ 0 ,. When heated, it decom- 
poses with explosion. It is a most powerful oxidising agent, setting lire to most 
combustible bodies. In contact with water, it yields permanganic add, H^n„Oj. 

Manganous hydroxide, Mn(OH)j, is obtained as a white precipitate when an 
alkali is added to a manganous salt, out of contact with air. When exposed to 
air, it rapidly becomes brown, forming manganic hydroxide. 

Manganic hydroxide, Mn20„(0H)^ may be regarded as Mn^Oj, in which 0 has 
, been replaced by (OH)j, or as‘Mn2d3.H„0, hydrated^ manganese sesquioxide. It is 
found in dark grey prismatic crystals, as manganiie, associated with MnO;, from 
which it differs by giving a brown instead of a black streak on unglazed earthen- 
ware. Moreover, on boiling it with dilute nitric acid, part of it is dissolved as 
manganous nitrate, leaving a hydrated manganese dioxide, which dissolves to a 
brown solution when thoroughly washed. A hydrated manganese dioxide is also 
precipitated when chloride of lime is added to a manganous salt. 

Manganic acid, has not been isolated, but several man- 

ganates are known, which are isomorphous with the chromates and 
sulphates. 

Potassivm manganate, K^MnO^, is formed wben MnO, is fused with 
potash; 3Mn0, + 2K0H = K,Mn0^-l-Mn,03 + Hj 0 . If an oxidising 
agent, such as air or nitre, be present, the MnjOj is also converted into 
KjMnO^; Mn203-f4K0H -i- 03 = aKaMnO^-k The extraction of 

oxygen from air upon this principle has been described at p. 36. 

Sodium manganate (NaoMnO^), obtained by heating manganese dioxide 
with sodium hydroxide under free exposure to air, is employed in a state 
of solution in water, as Condy's green disinfecting fluid. It is also used 
as a bleaching agent, and in the preparation of oxygen at a cheap rate. 
The manganates of potassium and sodium dissolve in water containing 
potash or soda, forming green liquids, but when dissolved in pure water 
they are decomposed, yielding the red permanganates — 

SNa^MnO^ -}- 2H2O = Na^MmOg + MnO, -f 4NaOH. 

Barium manganate forms the pigment known as Cassel green. 

Manganous acid, of which MnO, would be the anhydride, might be expected to 
exist, but is not known. When M'n(OH)2 oxidised in presence of an alkali, the 
resulting brown substance contains more or less of the alkali combined with 
MnO„. These compounds are known as manganites — e.g., CaO.MnOg. 

Permanganic acid, H^MmOg, has been obtained in a hydrated crystalline state 
by decomposing the barium permanganate with sulphuric acid, and evaporating 
the solution in vacuo. It is a brown substance, easily dissolving in water to a red 
liquid, which is decomposed at about 90° F. (32° 0 ), evolving oxygen, and 
depositing manganese dioxide. 

Potassium permanganate, K^Mu^Og, forms rhombic prisms isomor- 
phous with the perchlorate, KOIO^, on which account it is sometimes 
written KMnO^. It dissolves in 20 parts of cold water, forming a 
I purple solution, which becomes green KgMnO^ by contact with many 
substances capable of taking up oxygen. When crystallised perman- 
ganate is heated to 240° 0. it gives manganate — 

KjMmOg = -f MnOg -k 0^. 

It is largely used in many chemical operations. In order to prepare 
it, 4 parts of finely powdered manganese dioxide are intimately mixed 
with 3I parts of KOIO3, and 5 parts of KOH dissolved in a very little 
water. The pasty mass is dried, and heated to dull redness for some 
time in an iron ti-ay or earthen crucible. The potassium chlorate imparts 
the required oxygen. On treating the cold mass with water, potassium 
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manganate is dissolved, forming a dark green solution. Tliis is diluted 
with water, and a stream of CO, passed through it so long as any change 
of colour is observed ; 3lIjlMnO^ + 2 CO, = K,MnjOj + MnOj + 2K3CO3. 
The precipitated MnO, is allowed to settle, and the clear red solution 
poured otf and evaporated to a small bullc. On cooling, it deposits 
nrismatic crystals of the permanganate (K^lMiijOg), which are red by 
transmitted light, but reflect a dark green colour. The K3CO3, being 
much more soluble in water, is left in the solution. Potassium perman- 
ganate is remarkable for its great coloui-ing power, a very small quantity 
of the salt producing an intense piu’plish-red colour in a large quantity 
of water. Its solution in water is very easily decomposed and bleached 
by substances having an attraction for oxygen, such as sulphurous acid 
or a ferrous salt. If a very small piece of iron wire be dissolved in 
diluted sulphuric acid, the solution of ferrous sulphate so produced will 
decolorise a large volume of weak solution of the permanganate, being 
converted into ferric sulphate — 

ICMmOj + loFeSO, + SH,SO, = E;,S0< + aMnSO, + sl''e,(SOj 3 + 8H„0. 

or KO.MmO, + io{FeO.S 03 ) + SCIL.O.SOj) = 

KjO.SOj + 2(Mn0,S03) + SlFe^Oj.sS'O.,) + SH„0, 

which shows that the molecule of K,Mn,Og has 5 atoms of oxygen avail- 
able for pui'poses of oxidation. 

This decomposition forms the basis of a valuable method for deter- 
mining the proportion of iron in its ores. 

Many oi’ganic substances are easily oxidised by potassium perman- 
ganate, and this is the case especially with the ofensive emanations 
from putrescent organic matter. Hence it is extensively used, under 
the name of Condy's red dAsinfecting fluid, in cases where a solid or 
liquid substance is to be deodorised. 

The oxidising power of potassium permanganate is eflfectively illus- 
trated by pouring a little glycerine into a cavity made in a small heap of 
the powdered crystals on a porcelain crucible lid; the glycerine slowly 
sinks into the permanganate, and after a minute or two bursts into 
vivid combustion. 

An alkaline solution of the permanganate is sometimes used as an 
oxidising agent, since it parts with oxygen Avhen boiled with oxidisable 
substances, becoming green from the production of manganate — 

K„Mn,Og + 2 KOH = 2 K,MnO„ + H„0 + 0. 

Sodium permanganate, Na^MujOg, is often used as a disinfectant, being 
cheaper than the potassium salt. It is made by heating MnOg with 
NaOH, in a flat vessel, exposed to air, for 48 hours, to dull redness ; the 
mass is boiled with Avater to convert the manganate into permanganate ; 
3Na,MnO, -P 2 H^O = Na^Mn^Og -P MnO, -P 4NaOH. 

232. Chlorides of manganese. — There appear to be three compounds 
of manganese with chlorine, corresponding with three of the oxides, viz., 
MnOlj, Mn^Olg, and MnCl^ ; but only the first is obtainable in the pure 
state, the others forming solutions which are easily decomposed with 
evolution of chlorine. 

By dissolving potassium permanganate in oil of vitriol, and adding fragments 
of fused sodium chloride, a remarkable greenish-yellow gas is obtained, which 
gives_ purple fumes with moist air, and is decomposed by water, yielding a red 
solution' which contains hydrochloric and permanganic acids. It, therefore, 
must contain manganese and chlorine, and is sometimes regarded as the per- 
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chloride (MnCly) ; but it is more probably an oxychloride of manganese (see 
Chlorocltromic acid). Care is required in its preparation, which is sometimes 
attended with explosion. 

The manganous chloride (MnCl„) is obtained in large quantity as a^ waste pro- 
duct in the preparation of chlorine for the manufacture of bleaching-powder. 
Since there is no useful application for it, the manufacturer sometimes reconverts 
it into the black oxide. As the native binoxide alwa,ys contains iron, the liquor 
obtained by treating it with hydrochloric acid contains ferric chloride (FeoClj) 
mixed with chloride of manganese (MnCL). In order to separate the iron, 
advantage is taken of the circumstance that sesquioxides are weaker bases 
than the protoxides, so that if a small proportion of lime or chalk be added to 
the solution, the iron may be precipitated as ferric oxide, without decomposing 
the chloride of manganese ; Fe„Cl„ + 3CaO = FCjOj-l- 3CaCl„. 

After separating the Fe^Oj, an excess of lime is added and air blown through 
the mixture at about 150° F., when the white precipitate of MnO, formed at first, 
absorbs the oxygen, and becomes a black compound of MnOj with lime, which is 
used over again for the preparation of chlorine. Unless the lime is added in 
excess, only MnO. MnO., is formed, so that the excess of lime displaces the MnO 
and allows it to be converted into MnO^. In another process Weldon employs 
magnesia instead of lime, with the view of afterwards recovering the chlorine 
from the chloride of magnesium, in the form of hydiochioxic acid l^see p. 
and using the magnesia over again. 

Manganous sulphate, MnSO^.HjO.dAq, isomorphous with green vitriol, forms 
faint pink crystals easily soluble in water. It is prepared by adding strong sul- 
' phuric acid to manganese dioxide, heating the paste to redness to decompose 
any ferric sulphate, extracting with water, precipitating the last traces of iron 
by adding manganous carbonate, filtering, and crystallising. Manganous sulphate 
is employed by the dyer and calico-printer in the production of black and brown 
colours. Crystals have been obtained of MnS0j.II,,0.4Aq. 

Manganous sulphide, MnS, occurs as manganese blende in steel-grey masses. It 
may be obtained as a greenish powder by heating any of the oxides of manganese 
in a current of H„S. When precipitated by alkaline sulphides^ from manganese 
salts, it has a pink colour and contains water. When the pink precipitate is 
boiled with an excess of alkaline sulphide, it becomes a green cryst^ine powder, 
SMnS.HjO. The manganous sulphide has a tendency to form soluble compounds 
with the alkaline sulphides, so that a solution of manganese often requires boiling 
with ammonium sulphide before a precipitate is formed. It dissolves easily in 
HCl. Manganese disulphide, MnSj, is found, in crystals belonging to the regular 
system, as Mauerite, in Hungary. 

Manganese, thougli more nearly allied to iron than to any other 
metal, is parted from it by the greater stability of the manganous salts, 
which are less easily oxidised than the ferrous salts, as well as by the 
far greater stability of the manganates than of the ferrates, and by the 
existence of permanganates, which have no parallel in the iron series. 

The chlorides of manganese give a green colour to a colourless flame. 


CHROMIUM. 

Or= 52 parts by weight. 

233. This metal derives its name from colour, in allusion to 

the varied colours of its compounds, upon which their uses in the arts 
chiefly depend. It is comparatively seldom met with, its principal ore 
being the chrome-iron ore (FeO.OrjOj), Avhich is remarkable for its re- 
sistance to the action of acids and other chemical agents.* It is chiefly 
found in the Shetland Islands, Sweden, Russia, Hungary, and the 
United States, and is imported for the manufacture of bichromate of 

* There appear to be four types of mhrome-iron ore, viz., FeO.OroO-^, aFeO.OroOa, 
sFeO.aCrsOa, and aPeO.aCnOg - d, . 
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potash (Kj0.20r03), wliicli is one of the chief commercial compounds of 
chromium. The ore is first heated to redness and thrown into water, 
in order that it may he easily ground to a fine powder, which is mixed 
with carbonate of potash, chalk being added to prevent the fusion of 
the mass, and strongly heated in a current of au’ on the hearth of a 
reverberatory furnace, the mass being occ.asionally stirred to expose 
a fresh surface to the air. The ferrous oxide is thus converted into 
ferric oxide, and the oxide of chromium (CroOj) into potassium chromate 
(KjCrO,); 2(Fe0.Cr,03) + 4K,C03 + 0 , = re;03 + 4B:,Cr0, + 4C03. Nitre 
is sometimes added to hasten the oxidation. On treating the mass Avith 
water, a yellow solution of potassium chromate is obtained, which is 
drawn off from the insoluble residue of ferric oxide and lime, and mixed 
with a slight excess of acid, e.g., nitric acid — 

2(K,CrOJ + 2HNO3 = K„Cr„ 0 , + 2KNO3 + HoO. 

The solution, when evaporated, deposits anhydrous, red tabular crystals 
of bichromate of potash (potassium dichromate), which dissolve in 
10 parts of cold water, forming an acid solution. It is from this salt 
that the other compounds of chromium are immediately derived. 

Metallic chromium has received no useful application. It is obtained 
by reducing chromic chloride "with zinc (or magnesium) at a high tem- 
perature, and removing the excess of zinc with dilute nitric acid. Or 
CrjOj may be reduced by aluminium at a high temperature. It has a 
grey colour, is about as heavy as iron (sp. gr. 6.8), is extremely hard, 
and less fusible than platinum. It resembles aluminium in not being 
attacked by nitric acid, but HCl dissolves it, yielding chromous chloride, 
OrOlj, a property which connects chromium Avith iron. Chromium, like 
aluminium, is attacked by the alkali hydroxides at high temperatures, 
evolving hydrogen and producing chromates. By the action of sodium 
on chromic chloride the metal has been obtained in octahedral crystals, 
which are not dissolved by nitro-hydrochloric acid. 

234. Oxides of chromium. — Three oxides of chromium are known 
in the separate state — chromic oxide, Cr^Og, chromium dioxide, OrOg, and 
chromic anhydride, OrOg. Monoxide of chromium or chromous oxide (CrO) 
is known in the hydrated state, and perchromic acid (HgOrgOg) is believed 
to exist in solution. The chromous salts correspond with the ferrous 
salts, but are much more susceptible of oxidation. 

Chromic anhydride (often called chromic acid), the most important of 
these, is obtained by adding to one measure of a solution of potassium 
dichromate, saturated at 54° C., one measure and a half of concen- 
trated sulphuric acid, by small portions at a time, and allowing the 
solution to cool, when chromic anhydride crystallises out in fine crimson 
needles, which are deliquescent, very soluble in water, fusing easily, 
and decomposed at 250° 0 . into oxygen and chromic oxide. Chromic 
. anhydride is a powerful oxidising agent ; most organic substances, even 
paper, will reduce it to the green chromic oxide. A mixture of potassium 
dichromate and sulphuric acid is employed for bleaching some oils, the 
colouring matter being oxidised at the expense of the chromic acid, and 
chromic sulphate being produced — 

KgCrgO, + 4 H„S 0 < = K„SO, + Cr„(SOj3 + O3 + 4 H,, 0 , 

The dichromate itself evolves oxygen when heated to bright red- 
ness, being first fused (about 400° 0.), and afterwards decomposed; 
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2El3Cr20,= 2K2Cr0^ + 0r203 + 03. Heated with strong HCl, it evolves 
01 K'OrgO, + 14HCI = 2KOI + Or^Clg + 7H2O + Ol^. The oxidising effect 
of the potassium dichromate, under the action of light, upon gelatin 
and albumin, receives vei’y important applications in photography. 

Sodium dicliromate, is much more soluble than the 

potassium salt, requiring only an equal weight of water ; it is now often 
substituted for K^CrjO^, being similarly prepared. 

Chromic acid, HjOrO^, is not known in the pure form. Its salts, 
the chromates, are isomorphous with the sulphates. 

Chromate of potash, or normal potassium chromate (K30.Cr03 or 
KgCrO^), is formed by adding potassium carbonate to the red solution 
of potassium dichromate until its red colour is changed to a fine yellow, 
when it is evaporated and allowed to crystallise. It forms yellow 
prismatic crystals, having the same form as those of potassium sul- 
phate, and is five times as soluble in water as the dichromate is, yielding 
an alkaline solution, which is partly decomposed by evaporation, with 
formation of the dichromate. Acids, even carbonic, change its solution 
from yellow to red,' from production of dichromate. It becomes red 
when heated, and yellow again on cooling, and fuses without decompo- 
sition. Potassium chromate has been found in some yellow samples 
of saltpetre from Chili. No compound corresponding with KHSO^ is 
known. 

Trichromate of potash (K20.3Cr03) has been obtained in red crystals 
by adding nitric acid to the dichromate. 

It will be observed that the chromates of potassium are rather ex- 
ceptional salts. The yellow or normal chromate, KjCrO^, is formed iTpon 
the model of imaginary chromic acid, HjCrO^. The red chromate, or 
potassium dichromate, is not a true acid salt, for it contains no hydrogen ; 
it is sometimes called anhydro-chromate, and written K2Cr04.Cr03. The 
trichromate Avould be K2Cr0^.20r03. 

Barium chromate, BaOrO^, is used in painting, as yelloio ultramarine, 
being precipitated by potassium chromate from barium chloride ; it is 
insoluble in acetic acidj i million parts of H^O dissolve 15 parts of 
BaCrO^ at 18° 0 . 

Chrome yellow is the chromate of lead (PbOrO^), prepared by mixing 
dilute solutions of lead acetate and potassium chromate. The pre- 
cipitate is insoluble in acetic acid. It is largely used in painting and 
calico-printing, and by the chemist as a source of oxygen for the analy- 
sis of organic substances, since, when heated, it fuses to a brown mass, 
which evolves oxygen at a red heat. Chrome yellow being a poisonous 
' salt, its occasional use for colouring confectionery is very objectionable. 
Chromate of lead in prismatic crystals forms the rather rare red lead 
ore of Siberia, in which chromium was first discovered. 

Orange chrome is a basic chromate of lead (PbCrO^.PbO), and may be 
obtained by boiling the yellow chromate with lime ; 2(Pb0r0^) -f- CaO = 
PbCrO^.PbO CaOrO^. The calico-printer dyes the stuff with yellow 
chromate of lead, and converts it into orange chromate by a bath of 
lime-water. Chrome-orange is also made by precipitating a lead salt 
with a weak alkaline solution of potassium chromate, which gives a 
mixture of the two chromates of lead. 

_ Silver chromate, Ag^CrO^, is obtained as a red crystalline precipitate when silver' 
nitrate is added to potassium chromate. When KjCroO, is added gradually to . 
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AgNO,, a scarlet precipitate of sihcr ilicJiromatc, Ag„Cr„ 0 „ is obtained ; and if 
this be boiled with rvater, it leaves Ag„CrO^ in dark green crj-stals, wbicb become 
red when powdered. 

The colour of the rub;/ (crystallised alumina) appears to be due to the presence 
of a small proportion of chromic anhydride. 

Sesqiiioxide of cliroinium, or chromic oxide (Ci’jOg), is valuable as a green 
colour, especially for glass and porcelain, since it is not decomposed by 
beat. Being extremely bard, it is used in making razor-strops. It is 
prepared by beating potassium dichromate witb one-fourtb of its weight 
of starcb, the carbon of wbicb removes oxygen, lea^^ng a mixture of 
chromic oxide with potassium cai’bonate, wbicb may be removed by 
washing witb water. If sulphur be substituted for the starch, potas- 
sium sulphate will be formed, which may also be removed by water. 
"When hydrated chromic oxide is strongly heated, it loses its water and 
exhibits a sudden glow, becoming darker in colour, and insoluble in 
acids which previousl}’’ dissolved it easily ; in this respect it resembles 
aluminia and ferric oxide. Like these oxides, the chromic oxide is a 
feeble base ; it is remarkable for forming two classes of salts, having the 
same composition, but differing in the colour of their solutions, and in 
some other properties. Thus, there are two modifications of the chromic 
sulphate — the green sulphate, Crj(SOj3.5Aq, and the violet sulphate, 
01*2(80^)3.1 5 Aq. The solution of the latter becomes green when boiled, 
being converted into the former. Chrome alum forms dark purple 
octahedra (KCr'"(SOj3.i2Aq) which contain the violet modification 
of the sulphate ; and if its solution in water be boiled, its purple colour 
changes to green, and the solution refuses to ci’ystallise.*' It is ob- 
tained as a secondary product in certain chemical manufactures, and 
may be prepared by the action of sulphurous acid gas on a mixture of 
jiotassium dichromate and sulphuric acid; KgOrjO, -t- HjSO^ -t- 380, = 
2K0r(S0j2-f H^O. The anhydrous chromic sulphate forms red 
crystals, which are insoluble in water and acids. Quignet's green, used 
in painting and calico printing, is hydrated CrjOg prepared by heating 
KgOrjO, with 3 parts of boric acid (when oxygen is evolved) and wash- 
ing the product until it is free from potassium borate ; it generally 
retains a little boric acid, perhaps as chromic borate. It does not lose 
water at 250° 0. CrjOj combines with the oxides of the magnesium 
group of metals to form very insoluble and infusible compounds, crys- 
tallising in octahedra, e.g., ZnO.Grf)^, MnO.OrjOg, T’e0.0r203, which 
have been termed chromites. 

Crystallised Cr203, prepared by passing chromyl chloride (p. 394) 
through a red-hot tube, is isomorphous with Al^Og and FejOj. 

Chromic hydroxide, Cr„(OH)g, is thrown down by alkalies from solutions of 
chromic salts, such as chrome alum, as a greenish-blue precipitate. It dissolves 
sparingly in ammonia to a pink solution, from which chromic oxide is precipitated 
by boiling. Potash dissolves^ it to a fine green solution, which becomes gelatinous 
when boiled, from precipitation of chromic oxide. It yields a hydrosol by the 
dialysis of its solution in CrCl,. 

Chromium ^ dioxide, CrO„. — ^When potassium dichromate is reduced by nitric 
oxide or sodium thiosulphate, a brown precipitate is obtained ; this is a compound 
of water with CrO,, which is left, on heating to 250° G., as a black powder, which 
evolves oxygen at 300° C., becoming Cr„ 0 ,. It may be regarded as chromic 
chromate, CrjOj.CrOj. 0-3 ./ o 

(firomom oxide (CrO) is not known in the pure state, but is precipitated as abrown 
hydrate when chromous chloride is decomposed by potash. It absorbs oxygen 

* Exposure to cold, it is said, again converts it into the crj'stallisable violet form. 
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even more readily than ferrous oxide does, becoming converted into CrO.Cr^Oj, 
corresponding in composition with the magnetic oxide of iron. Chromous oxide 
is a feeble base; a double sulphate, KjCr''(SOJ„.6Aq, is known, which has the 
same crystalline form as the corresponding iron salt, K„Fe"(SO^)2.6Aq ; it has a 
blue colour, and gives a blue solution, which becomes green when exposed to air, 
from the formation of chromic oxide. 

Perchromic add (H„Cr„Og) is believed to exist as the blue solution obtained by 
the action of HjO„ upon solution of chromic acid, but neither the acid nor its 
salts have been obtained in a separate state (p. 6i). A sodium percliromate, 
NajCrjOjj. 28H„0, crystallises from a solution made by adding Na„0., to a thin 
paste of Cr„(OH)g in water. Acids decompose it, the blue colour of perchromic 
acid.being first produced. 

235. Chloeides op CHEOMIUM. — The chromic chloride (CrClj) obtained by 
passing dry chlorine over a mixture of chromic oxide with charcoal, heated to 
redness in a glass tube, is converted into vapour, and condenses upon the cooler 
part of the tube in shining leaflets, having a fine violet colour. When heated in 
air, it is decomposed, evolving Cl, and leaving CrjOg. Very soluble green crystals 
of CrOlj.dAq may be obtained, but the water cannot be expelled without decom- 
posing the chloride. Cold water does not affect CrClg, but boiling water slowly 
dissolves it to a green solution resembling that obtained by dissolving CroOg in 
HCI, only two-thirds of the Cl is precipitated from the green solution by AgNO, 
when this is first added. 

Chromous chloride (CrCL) results from the action of hydrogen, at a red heat, 
upon chromic chloride. It is white, and dissolves in water to form a blue 
solution, which absorbs oxygen from the air, becoming green. It is remarkable 
that if the violet chromic chloride is suspended in water, and a minute quantity 
of chromous chloride added, the former immediately dissolves to a green solution, 
evolving heat. CrClj is also formed when chromium is dissolved in HCI. A 
solution of chromic chloride or sulphate, mixed with HCI, is reduced to chromous 
chloride by metallic zinc, the liquid becoming greenish blue and giving a pink 
precipitate of chromous acetate on addition of ammonium acetate, becoming 
blue when shaken with air. Chromous chloride resembles ferrous chloride in 
absorbing NO to form a brown compound. 

Chromyl chloride, CrOoCL (=2 vols.), or chromic oxychloride, formerly called 
chlorochromic acid, bears’the same relation to CrOjthat sulphuryl chloride, SOjCL, 
bears to SO3. It is a brown-red liquid, obtained by distilling loparts of NaCland 
17 of K„Cr„Oj, previously fused together and broken into fragments, with 40 parts 
of oil of vitriol — 

K,Cr„0, -p 4NaCl -1- 3H3SO, = + 2Na„S0, -t 3H3O + 2CrO„Cl„. 

It much resembles bromine in appearance, and fumes very strongly in air, the 
moisture of which decomposes its red vapour, forming chromic and hydrochloric 
acids ; Cr0„CL-f2Ho0 = H„Cr04-f 2HCI. Its sp. gr. is 1.92, and it boils at 118° C. 
It is a very powerful oxidising and chlorinating agent, and inflames ammonia 
and alcohol when brought in contact with them. 

It is occasionally used to illustrate the nature of illuminating flames ; for if 
hydrogen be passed through a bottle containing a few drops of it, the gas becomes 
charged with its vapour, and, if kindled, burns with a brilliant white flame, which 
deposits a beautiful green film of chromicoxide upon a cold surface. When heated, 
in a sealed tube, to 190° C., it is converted into a black solid body, according to 
the equation 3CrO„Cl2=Cl4-t- CrCL. zCrOg. When KoCroO, is gently warmed with 
HCI, the solution deposits red prisms of KClCrOg, formerly known as potassium 
chlorochromate, which may be regarded as CrOgC^OK), being derived from the at 
present unknown CrO„Cl(OH), corresponding with SO„Cl(OH). 

Chromyl fluoride, Cr'OgFo, is another volatile comnound of chromium obtained 
by distilling lead chromate vidth fluor spar and sulphuric acid ; it is a red gas, 
condensible to a red liquid at a low temperature. Water decomposes it, yielding 
chromic and hydrofluoric acids. Chromic fluoride, CrF3.4H20, is a green crystalline 
powder used as a mordant. 

Chromic sidphide (CroSj) is formed when H„S is passed over chromic oxide heated 
to redness. It forms black lustrous scales resembling graphite. 

By fusing chromic hydroxide with sodium carbonate and sulphur, sodium thio- 
chromite, 'Nafir^S^, is obtained, as a dark red body insoluble in water, and not 
easily attacked by hydrochloric or sulphuric acid. Thiochromites of other 
metals have also been obtained. 
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Ohromhm nitride, CrN, has been obtained by heating chromium to redness in 
nitrogen. 

Cbromiuni salts form a series of amine-S analogous to the cobalt- 

amines (p. 384). . r e • 

Chromium is neai'ly allied to iron by its property of forming 
chromous and chromic salts, and to manganese through the chromates 
which correspond and are isomorphous with the manganates, and rival 

them in colour. - j 7 • 

236. General review of iron, cobalt, nickel, manganese, and clironiium. 
— Many points of resemblance will have been noticed in the chemical 
historj'' of these metals. They are all capable of decomposing water at 
a red heat, and easily displace hydrogen from hydrochloric acid. Each 
of them forms a base by combining with one atom of oxygen, and these 
oxides produce salts which have the same crystalline form. All these 
oxides, except that of nickel, easil}’^ absorb oxygen from the air, and 
are converted into sesquioxides. The sesquioxide of nickel is very 
feebly basic, whilst that of cobalt is slightly more basic ; the sesquioxide 
of manganese is a stronger base, and the basic properties of the sesqui- 
oxides of chromium and iron are very decided. Nickel does not exhibit 
any tendency to form a well-marked acid oxide, but the existence of an 
acid oxide of cobalt is suspected ; and iron, manganese, and chromium 
iorm undoubted acid oxides with three atoms of oxygen. Nickel is only^ 
known to form one compound mth chlorine; cobalt and manganese 
form, in addition to then.' protochlorides, vexy unstable perchlorides 
known only in solution, but iron and chromium form very stable 
volatile perchlorides. The metals composing this group are all diatomic 
in their protoxides and the corresponding salts, and are found associated 
in natural minerals ; this is especially the case with iron, manganese, 
cobalt, and nickel. They all require a very high temperature for their 
fusion. Iron and chromium connect this group with aluminium, their 
sesquioxides being isomoi'phous with alumina, and their perchloxddes 
volatile like aluminium chloride. In the pei'iodic table (p. 276) Or falls 
in group vi., since its highest salt-forming oxide is CrO^ ; Mn forms salts 
corresponding with Mn^O^ (permanganates), and is therefore in group vii. 
Ee, Oo, and Ni are placed in group viii., altliough oxides of the type HO^ 
have yet to be discovered. 

237. Molybdenum (Mo = 96) derives its name from fio\’upSaiva., lead, on account 

of the resemblance^ of its chief ore, molybdenite, to black lead. Molybdenite, or 
molybdenum glance, is the disulphide (MoS„), and is found chiefly in Bohemia and 
Sweden ; it may be recognised by its remarkable similarity to plumbago, and by 
its giving a blue solution when boiled with strong sulphuric acid. It is chieflj' 
employed for the preparation of ammonium molybdate, which is used in testing 
for phosphoric acid. For this purpose the disulphide is roasted in air at a dull 
red-heat, when SO, is evolved, and molybdic anhydride (MoO,) mixed with oxide of 
iron IS left. The residue is digested with strong ammonia, which dissolves the 
former as ammonium, molybdate, obtainable in prismatic crystals on 

evaporation. When a solution of ammonium molybdate is added to a phosphate 
dissmved in diluted nitric acid, a yellow precipitate of ammonium phospho-molyb- 
date IS produced, which contains molybdic and phosphoric acids combined with 
ammonia, by the formation of which very minute quantities of phosphoric acid 
can be detected. If hydrochloric acid be added in small quantity to a strong 
solution of molybdate of amnjonium, the molybdic acid is precipitated, but it is 

excess of hydrochloric acid, and if the solution be dialysed, the 
molybdic acid is obtained in the form of an aqueous solution which reddens blue 

* Its composition varies rvith the conditions; it is commonly 6NH4.P2O8.24M0O3. 
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litmus, has an astringent taste, and leaves a soluble gum-like residue when eva- 
porated. Molybdic anhydride fuses at a red heat to a yellow glass, and may be 
sublimed in a current of air in shining needles. In contact with diluted hydro- 
chloric acid and metallic zinc, it is converted into a blue compound of the com- 
position MoOpZMoOj, which is soluble in water, but is precipitated on adding a ‘ 
saline solution. Molybdate of lead (PbMoO,) is found as a yellow crystalline 
mineral. The molybdic oxide (MoO.,) is basic, and forms dark red-brown salts. 
Molybdons oxide (MoO) is obtained by adding an alkali to the solution resulting 
from the prolonged action of zinc upon a hydrochloric solution of molybdic acid. 

It is a basic oxide which absorbs oxygen from the air. 

Metallic molybdenum is obtained by reducing M0O3 with charcoal (or by hydro- 
gen) at a white heat, as a white metal, fusible with difficulty, unattacked by 
hydrochloric and diluted sulphuric acids, but converted into molybdic acid by 
boiling with nitric acid. It is rather a light metal (sp. gr. 8.62). It evolves H 
from fused alkalies. When heated in chlorine it yields molybdenum pentacldoride 
(MoClj), which forms a red vapour, and condenses in crystals resembling iodine, 
soluble in water. A dicldoride (Mod.) trichloride (M0CI3) and tetrachloride 
(MoCl,) are also known. The trisulphide (MoSg) and tetrasidphide (MoSJ of 
molybdenum are soluble in alkaline sulphides. 

In addition to the natural sources of molybdenum above mentioned, there may 
be noticed molybdic ochre (an impure molybdic anhydride), and the difficultly 
fusible masses called bear, from the copper works in Saxony, which contain a 
large amount of molybdenum combined with iron, copper, cobalt, and nickel. 
Molybdenum has been detected in the mud deposited by the Buxton thermal 
water. 

238. Tungsten ( W = i 84) is chiefly found in the mineral loolfram, which occurs, 
often associated with tin-stone, in large brown shining prismatic crystals, which 
are even heavier than tin-stone (sp. gr. 7.3), from which circumstance the metal 
derives its name, tungsten, in Swedish, meaning heavy stone. The symbol (W) 
used for tungsten is derived from the Latin name wolframium. Wolfram contains 
the tungstates of iron and manganese in variable proportions, and may be regarded 
as an isomorphous mixture of tungstates of iron and manganese (MnFe)W04. 
Ucheelite, tungstate of calcium (OaWO^), and a tungstate of copper are also found. 

Tungstate of sodium is employed by calico-printers as a mordant, and is some- 
times applied to muslin, in order to render it uninflammable. It is obtained by 
fusing wolfram with sodium carbonate, an operation to which tin ores containing 
this mineral in large quantity are sometimes submitted previously to smelting 
them. Water extracts the sodium tungstate, which may be crystallised in 
rhomboidal plates having the composition NaW04.2Aq. When a solution of this 
salt is mixed with an excess of hydrochloric acid, white hydrated tungstic acid 
(HgWO^.Aq) is precipitated, while hot solutions give a-yellow precipitate of 
H2WO4 ; but if dilute hydrochloric acid be carefully added to a 5 per cent, solu- 
tion of sodium tungstate in sufficient proportion to neutralise the alkali, and the 
solution be then dialysed (p. 122), the sodium chloride passes through, and a 
pure aqueous solution of tungstic acid is left in the dialyser. This solution is 
unchanged by boiling, and when evaporated to dryness, it forms vitreous scales, 
like gelatin, which adhere very strongly to the dish. It redissolves in one-fourth 
of its weight of water, forming a solution of the very high specific gravity 3.2, 
which is, therefore, able to float glass. The solution has a bitter and astringent 
taste, and decomposes sodium carbonate with effervescence. It becomes green 
when exposed to air, from the de-oxidising action of organic dust. When tung- 
stic acid is heated, it loses water, and becomes of a straw-yellow colour, and 
insoluble in acids. There are at least two modifications of tungstic acid, which 
bear to each other a relation similar to that between stannic and metastannic 
acids. 

Barium tungstate has been employed as a substitute for white lead in painting. 

The most characteristic property of tungstic acid is that of yielding a blue , 
oxide (WOo.aWOg), when placed in contact with HCl and metallic zinc. 

A very remarkable compound containing tungstic acid and soda is obtained 
when sodium ditungstate (Na3Wo0,.4H„0) is fused with tin. If the fused mass be 
treated with strong potash, to remove free tungstic acid, washed with water, and 
treated with hydrochloric acid, yellow, lustrous, cubical crystals are obtained, 
which are remarkable, among sodium compounds, for their resistance to the' 
action of water, of alkalies, and of all acids except hydrofluoric. The composi- 
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tion of these crystals appears to be Na2O.WO2.2WO3. They are called gold- or aaffron- 
hronze. The corresponding potassium salt is violet- or magcnta-hronzc. 

The timgstohorates are remarkable salts, containing WO., and B^Oj, combined 
with metallic oxides. Their solutions have a very high specific gravity ; that of 
cadmium tungstoborate has the sp. gr. 3.6, and is used to effect the mechanical 
separation of minerals of different specific gravities. Thus, a diamond (sp. gr. 3. S) 
would float ; whilst a white sapphire (sp. gr. 4.0) would sink in the solution. 
Silicoborates also exist. 

Tungsten trioxkle, WO3, is obtained by decomposing metallic tungstates with 
nitric acid, and heating the tungstic acid thus precipitated. It is a canary yellow 
powder, becoming orange when heated and yellow again on cooling. 

The tungsten dioxide (WO.^) appears to be an indifferent oxide, and is obtained 
by reducing tungstic anhydnde with hydrogen at a low red heat, when it fprms 
a brown powder, which is dissolved by boiling in solution of potash, hydrogen 
being evolved, and potassium tungstate formed. 

21 etallic tungsten is obtained by reducing tungstic anhydride with charcoal (or 
hydrogen) at a white heat, as an iron-grey infusible metal of sp. gr. 19. i, very 
hard, very infusible, not affected by hydrochloric or diluted sulphuric acid, but 
converted into tungstic acid by the action of nitric acid. When tungsten is 
dissolved in about ten times its weight of fused steel, it forms an extremely hard 
alloy. 

When tungsten is heated in chlorine, the tungstie eldoride (W 01 „) sublimes in 
bronze-coloured needles. When gently heated in hydrogen, it is converted into 
the tetrachloride (WCl,), but if its vapour be mixed with hydrogen and passed 
through a glass tube heated to redness, metallic tungsten is obtained in a form 
in which it is not dissolved even by aqua regia, though it may be converted into 
potassium tungstate by potassium hypochlorite mixed with potash in excess. 
WGlj is also obtained in steehblue needles, together with WO Cl, and WOjCl., by 
the action of PClj on WO,. 

Tungsten disidphide (WS,) is a black crystalline substance resembling plum- 
bago, obtained by heating a mixture of potassium ditungstate with sulphur, and 
washing with hot water. Tungsten trisulpldde (WS3) is a sulphur-acid, obtainable 
as a brown precipitate by dissolving tungstic acid in an alkaline sulphide, and 
precipitating by an acid. 

Both M 0 O 3 and WO3 form a number of complex salts with the alkali oxides and 
the pentoxides of As, P, and V. These are the tungsto- and mohjhdo- arsenates, 
phosphates, and vanadates. 

239. Ubanium (11=239.6). — This metal occurs in fho pitehUende (U0„.2U03) of 
Cornwall. It is not used in the metallic state, but in the form of the black oxide, 
TJOj-IJOg, and of sodium uranate, Na.UjOj.flHjO (uranium yellow), for imparting 
black and yellow colours respectively "to glass "and porcelain.* The latter com- 
pound is prepared from pitchblende by roasting the mineral with lime, decompos- 
ing the calcium uranate thus formed with sulphuric acid, and treating the solution 
of uranyl sulphate with sodium carbonate. This precipitates the foreign metals 
and the Na,U„ 0 „ which redissolves in the excess of sodium carbonate, and is 
precipitated by neutralisation with sulphuric acid and boiling. 

Uranium forms two oxides, UO._„ a basic oxide known as uranyl, and UOg, an acid 
oxide. Pitchblende (the green oxide) and the black oxide may be regarded as 
uranyl diuranate and uranyl uranate respectively. Of the uranyl (also called 
uranic) salts, the nitrate, _U02(N03)2.6H20, and aeetate, UO2A.C2.2H.2O, are used as 
laboratory reagents, and in photographic printing, for which they are -fitted, by 
the fact that they are reduced by light in contact with organic matter to uranous 
salts, corresponding with the base, _UO. These latter salts have, been but little 
studied, but they give a brown precipitate with potassium ferricyanide, by which 
means the photographic print may be developed. 

Sodium pevuranate, Na,U03. loHjO, is obtained by the addition of sodium per- 
oxide to^ a solution of a uranyl salt. Uranium tetrachloride, UCl, (which is volatile, 
so that its vapour density is known), and uranyl chloride, UOoCl,, have been pre- 
pared. 

Metallic uranium is prepared by reducing UCl, with sodium. It is white and 
malleable ; sp. gr. 18.7 ; dissolves in acids evolving hydrogen. When reduced 
from the oxide by carbon it contains 5-13 per cent, of C, is very hard, melts at a 

♦ “Uranium glass” exhibits a strong greenish-yellow fluorescence. 
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temperature higher than the melting point of platinum, and decomposes water at 
the ordinary temperature. 

Eevieio of the chromium family of metals. — The members of this 
family, chromium, molybdenum, tungsten, and uranium, exhibit great 
similarity in their tendency to form acid oxides of the type E-O^, and 
oxychlorides of the type ROjClg. They also enter into the composition 
of many complex salts analogous to the phospho-molybdates and the 
borb-tungstates. Sulphur, selenium, and tellurim belong to the same 
group, and form oxyacids of the same type. 


BISMUTH. 


Bi'" =208.9 parts by weight. 

240. Bismuth, though useful in various forms of combination, is too 
brittle to be employed in the pure metallic state. It is readily distin- 
guished from other metals by its peculiar reddish lustre and its highly 
crystalline structure, which is very perceptible upon a freshly broken 
surface ; large crystals (apparently cubes) of bismuth are easily obtained 
by melting a few ounces in a crucible, allowing it to cool till a crust 
has formed upon the surface, and pouring out the portion which has 
not yet solidified, when the crystals are found lining the interior of the 
crucible. It is isomorphous with antimony. It is somewhat lighter 
than lead (sp. gr. 9.8), and volatilises more readily at high tempera- 
tures. It is less volatile than antimony, and burns like it in air. 

Unlike most other metals, bismuth is found chiefly in the metallic 
state, disseminated in veins, through gneiss and clay-slate. The chief 
supply is derived from the mines of Schneeberg, in Saxony, where it is 
associated with the ores of cobalt. Native bismuth, together with the 
oxides and sulphides, is found abundantly in Bolivia and Australia; 

accompanied by tin-stone 
and sometimes by silver 
and gold. 

In order to extract the 
metal from the masses 
of earthy matter through 
which it is distributed, 
advantage is taken of its 
very low fusing point (268° 
0 .). The ore is broken 
into small pieces, and in- 
" troduced into iron cylin- 
ders which are fixed in an 
inclined position over a 
furnace (fig. 233). The upper opening of the cylinders, through which 
the ore is introduced, is provided with an iron door, and the lower 
opening is closed mth a plate of firebrick perforated for the escape of 
the metal, which flows out, when the cylinders are heated, into, iron 
receiving pots, which are kept hot by a charcoal fire. 

^ Commercial bismuth generally contains arsenic, copper, sulphur, and 
silver ; it is sometimes cupelkd in the same manner as lead, in order to 
extract the silver, the oxide of bismuth being afterwards again reduced 
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Fig. 233, — Extraction of bismuth. 
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to the metallic state by heating it with charcoal. Pure bismuth dis- 
solves entirely and easily in diluted nitric acid (sp. gr. 1,2); but if it 
contains arsenic, a white deposit of bismuth arsenate^ is obtained. 
Hydrochloric and- diluted sulphuric acids will not attack bismuth. 

The chief use of bismuth is in the preparation of certain alloys with 
other metals. Some kinds of type metal and stereotype metal contain 
bismuth, which confers upon them the property of expanding in the 
mould during solidification, so that they are forced into the finest lines 
of the impression. 

This metal is also remarkable for its tendency to lower the fusing 
point of alloys, which cannot be accounted for merely by referring to 
the low fusing point of the metal itself. Thus, an alloy of 2 parts bis- 
muth, I part lead, and i part tin, fuses below the temperature of boiling 
water, although the most fusible of the three metals, tin, requires a 
temperature of 227° 0 . An alloy of this land is used for soldering 
pewter. Bismuth is also employed, together with antimony, in the con- 
struction of thermo-electric piles. 

241. Oxides of bismuth. — There are four oxides, Bi, 0 j, BijOj, Bi, 0 ^, 
and BigOj. 

llypohismuthous oxide (Bi.p„) is obtained as a black precipitate when bismuthic 
chloride mixed with stannous" chloride is added to excess of potash. 

(I) 2BiCl3+SnCL=BijCh+Sn01,; (2) BLCh+ 4 K 0 H=Bi„ 0 „+ 4 KCl+ 2 Hj 0 . 

Exposed to air when moist, it becomes BLOj. Heat has > the same effect on the 
dry oxide in air. Acids decompose it into a bismuth salt and Bi. 

Bismuthous oxide (BijO,) is the basic and most important oxide of 
the metal. It is formed when bismuth is heated in air, or when 
bismuth' nitrate is decomposed by heat, and is a yellow powder which 
becomes bro-wn when heated, and fuses easily. Bismuthous oxide 
forms the rare mineral bisniutTi-oclire. This oxide of bismuth is obtained 
in fine needles by precipitating a boding solution of a bismuth salt with 
potash. 

Bismuthic ‘anhydride (Bi^Oj) is formed when Bi^O^ is suspended in a strong 
solution of potash through which chlorine is passed, when a brown substance is 
formed which, when treated with warm strong HNO3, yields bismuthic acid 
(HBiOj) as a red powder, which becomes brown at 120° C., losing H „0 and 
becoming BhO^. 'When further heated, this loses 0 and becomes BhOt or 
BLO3.BLO3. When heated with acids it also evolves oxygen, and forms salts of 
BhOj. 

Bismuth hydroxide, _Bi(OH)3, is obtained as a white precipitate when a caustic 
alkali is added to a bismuth salt j it does not dissolve in' excess of alkali. Acted 
on by chlorine in the alkaline liquid, it becomes dark brown HBiO^. 

Bismuthic acid, t\ie analogue of HNO3, is formed when basic bismuth 

nitrate is fused with potash, in contact with air, until it has become dark brown. 
On dissolving in dilute nitric acid, HBiOj is left as a red powder. The bismuthates 
of the alkali metals are very unstable, being decomposed by water. Byrohismuthic 
acid, H^BLO,, is said to have been obtained. 

242. The only two salts of bismuth which are known in the arts are 
the basic nitrate {trisnitrate of bismuth, or flalce-white') and the oxychlo- 
ride of bismuth (pearZ-wAzfe). The preparation of these compounds 
illustrates one of the characteristic properties of the salts of bismuth, 
viz., the facility with which they are decomposed by water "with the 
.production of insoluble basic salts. 

If bismuth be dissolved in nitric acid, it becomes bismuth nitrate, 
Bi(N03)3, may be obtained in prismatic crystals containing 
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5Aq. If the solution be mixed with a large quantity of water, it de- 
posits a precipitate of Jlahe-white, Bi(N03)3.2Bi(0H)3, or Bi(0II)^03, 
the remainder of the nitric acid being left in the solution — 

]3i(N03)3 + zHjO = Bi(0H),,N03 + 2HNO3. 

The basic nitrate, when long washed, becomes Bi(0H)3. It is a crystal- 
line powder, which is acid to moist test-paper. It is used as a paint" 
and cosmetic, and in enamelling porcelain. 

Pearl-white has the composition 6 Bi 001 .Aq, and is obtained by dis- 
solving bismuth in nitric acid, and pouring the solution into water in 
which common salt has been dissolved. 

Bismuthite, which is, next to native bismuth, the most important of the bismuth 
ores, is composed of 3BLO3.CO2.H3O. 

JBisnmtMc chloride, BiOL ( = 2 vols,), may be distilled over when bismuth is 
heated in a current of dry chlorine ; it is a deliquescent, fusible, volatile, ciystalline 
solid, easily dissolved by a small quantity of water, but decomposed by much water, 
with formation of the above-mentioned oxychloride of bismuth; BiCl3-fH20 = 
BiOCl zHCl- This compound is so insoluble in water that nearly every trace 
of bismuth may be precipitated from a moderately acid solution of the trichloride 
by adding much water. 

Bismuth tri-iodide, BiL, is obtained as a dark brown precipitate when potassium 
iodide is added to a solution of a bismuthic salt. If the solution be dilute or 
very acid, a red or yellow colour is produced, without precipitation, and if a solu- 
tion of a lead salt be added to this, a brown or red precipitate of a double iodide 
of bismuth and lead is produced, which dissolves in hot dilute HCl, and separates 
in minute crystals, like bronze powder, on cooling. 

Bismuthous sidjddde (BLSj) is sometimes found in nature, but more frequently 
bismuthic sulphide (Bi2Sg)’of bismuth glance, which occurs in dark grey lustrous 
prisms isomorphous with native sulphide of antimony. It is also obtained as a 
brown precipitate by the action of hydrosulphuric acid upon bismuthic salts. 
Bismuthic sulphide is not soluble in diluted sulphuric or hydrochloric acid, but . 
dissolves easily in nitric acid. BoUviteis an oxysulphide, BLS3.Bi203. 


ANTIMONY. 

Sb"'= 120 parts by weight. 

243. Antimony is nearly allied to bismuth in its physical and 
chemical characters. It is even harder and more brittle than that 
metal, being easily reduced to powder. Its highly ci'ystalline structure 
is another very well-marked feature, and is at once perceived upon the 
surface of an ingot of antimony, where it is exhibited in beautiful fern- 
like markings {star antimony). Its crystals belong to the same system 
(the rhombohedral) as those of bismuth and arsenic. It is much lighter 
than bismuth (sp. gr. 6.715), and requires a higher temperature (440° C.) 
to fuse it, though it is more easily converted into vapour, so that, when 
strongly heated in air, it emits a thick white smoke, the vapour being 
oxidised. Like bismuth, it is but little affected by hydrochloric or 
dilute sulphuric acid, but nitric acid, oxidises it, though it dissolves very 
little of the metal, the greater part being left in the form of antimonic 
acid. The best method of dissolving antimony is to boil it with hydro- 
chloric acid and to add nitric acid, or some other oxidising agent, by 
degrees. Antimony decomposes steam at a red heat. 

Antimony is chiefly found in nature as grey antimony ore, stihnite, 
which is .a sulphide of antimony (Sb^Sg), occurring in Cornwall, but 
much more abundantly in Hungary. It is found in veins associated 
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witli galenca, ii-on pyrites, quartz, and heavy spar. _ In order to purify 
it from these, advantage is taken of its easy fusibility, the ore being 
heated upon the hearth of a reverberatory furnace, with some cha,rcoal 
to prevent oxidation, when the sulphide of antimony melts and collects 
below the impurities, whence it is run off and cast into moulds. The 
product thus obtained is known in commerce as ci'iide, antimony, and 

contains sulphides of arsenic, iron, and lead. ^ i i i ^ 

To obtain reguhcs of antimony, or metallic antimony, the sulphide ot 
antimony is fused in contact udth refuse metallic iron (such as the 
clippings of tin-plate), when sulphide of iron is formed, and collects 
as a fused slag upon the surface of the melted antimony ] Sb^Sj TTcj = 
3FeS-]-Sb,. The antimony thus obtained always contains a consider- 
able proportion of iron. 

The refining of the metal is effected by melting it again with sufficient Sb„Sj 
to convert the iron into sulphide. To eliminate sulphur and obtain star antimoi^ , 
tlie product must 1)6 fused "witli an alkaline sulphide which dissolves the 
producing a slag consisting mainly of 3Na„S.Sb;S3, and called crocus of ^ antiviony • 

In some places the antimony ore is roasted to convert the bulk of it into oxide, 
which is then heated with fresh ore, in order that the mixture may undergo “ self- 
reduction”; 2Sb.,S3+3Sb.,0^=Sb,o-l-6SO;. 

On the small scale, antimony may be extracted from the sulphide by fusing it 
in an earthen crucible with 4 parts of commercial potassium cyanide, at a mode- 
rate heat ; or by mixing 4 parts of the sulphide with 3 of hitartrate of potash and 
li of nitre, and throwing the mixture, by small portions, into a red-hot crucible, 
when the sulphur is oxidised, and converted into potassium sulphate, by the 
nitre, which is not present in sufficient quantity to oxidise the antimony, so that 
the metal collects at the bottom of the crucible. 

When tartar-emetic is strongly heated in a closed crucible, an alloy of antimony 
and potassium is obtained which decomposes water rapidly, and becomes hot 
when exposed to air. 

The brittleness of antimony renders it useless in the metallic state, 
except for the construction of tbermo-electric piles, where it is in con- 
junction with bismuth. Antimony is employed, however, to harden 
several useful alloys, such as type-metal, shrapnel-shell bullets, 
Britannia metal, and petvter. 

Amorphous antimony . — The ordinary crystalline form of antimony may be ob- 
tained, like copper and other metals, by decomposing solutions containing the 
metal by transmitting the galvanic current (the solution should not contain more 
than 7 per cent, of antimonious chloride) ; but in some cases the antimony is 
deposited from very strong solutions in an amorphous condition, having properties 
very different from those of ordinary antimony. The best mode of obtaining it 
in this form is to decompose a solution of 1 part of tartar-emetic (tartrate of 
antimony and potassium) in 4 parts of a strong solution of antimony trichloride 
(obtained by heating hydrochloric acid with antimony sulphide till it refuses to 
dissolve any more), by the aid of three cells of Smee’s battery, the zinc of which 
is connected by a copper wire with a plate of copper immersed in the antimonial 
solution, whilst the platinised silver of the battery is connected with a plate of 
antimony in the same solution, at some little distance from the copper plate. 
The deposit of antimony which forms upon .the copper has a brilliant metallic 
appearance, but is amorphous, and not crystalline, like the ordinary metal. If 
it be gently heated or sharply struck, its temperature rises suddenly to about 
200° C., and it becomes converted into a form more nearly resembling crystalline 
antimony. At the same time, however, thick fumes of antimony trichloride are 
evolved, for this substance is always present in the amorphous antimony to the 
amount of 5 or 6 per cent. so that, as yet, there is not sufficient evidence to 

* It has been plausibly suggested that the sudden rise of temperature may be due to 
the presence of an endothermic antimony compound analogous to the so-called chloride of 
nitrogen, the latter element being connected with antimony by several chemical analogies. 
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establish beyond a doubt the existence of a pure amorphous form of antimony 
corresponding with amorphous phosphorus, however probable this rday appear from 
the chemical resemblance between these elements. 

244. Oxides of antimosty, Sb^Og,^' SbjO^, Sb^O^. — Antivionious oxide, 
Sb^Og, is formed when antimony burns in air {flowers of antiimny), 
and is prepared on a large scale by roasting either the metal or the sul- 
phide in air, for use in painting as a substitute for white lead. It 
is also found in nature as white antimony ore, or valentinite. Anti- 
monious oxide forms a crystalline powder (sp. gr. 5.56), usually com- 
posed of minute prisms having the shape of the rarer form of arsenious 
oxide (page 259), whilst occasionally it is obtained in crystals similar to 
those of the common octahedral arsenious oxide, with which, therefore, 
antimonious oxide is isodimorphous. The octahedral form appears to be 
produced only when the prismatic form is slowly sublimed in a non- 
oxidising atmosphere. The mineral exitele is prismatic oxide of anti- 
mony, and senarmontite is the octahedral form of that oxide. When 
heated in air the oxide assumes a yellow colour, afterwards takes fire, 
smoulders, and becomes converted into the antimonious antimonate 
(Sb203.Sb205= aSb^OJ, which was formerly regarded as an independent 
oxide. Sb^Og may be obtained by oxidising antimony with very weak 
nitric acid, or better, by dissolving antimony sulphide in strong HOI, 
boiling ofi* all H^S, diluting largely with water, washing the jjrecipi- 
tated oxychloride by decantation till it is no longer acid, and boiling it 
with a strong solution of sodium carbonate 5 4Sb001 + 2Na3C03 = 
Sb^Og-f 4Na01+ 200j. The oxide is insoluble in water, but acids 
dissolve it, forming salts, though its basic properties are feeble, and its 
salts rather ill-defined. A hot solution of hydropotassium tartrate, 
HHC^H^Og, dissolves it, forming tartar-emetic, SbO.KC^H^Og. Potash 
and soda are also capable of dissolving it, whence it is sometimes called 
antimonious anhydride, corresponding with nitrous anhydride. Two 
crystallised antimonites of sodium have been obtained, the neutral anti- 
monite NaSbO^.d Aq, and the triantimonite NaSbOj.SbjOg.Aq ; the 
former is sparingly soluble, the latter almost insoluble in water. 

Antimony tetr oxide, Sb, 0 ^, is important because it is the product of 
the action of heat upon either of the other oxides in contact with air, 
so that antimony is often weighed in this form in quantitative analysis. 
It is readily obtained by boiling antimony with nitric acid, evaporating 
to dryness, and heating the residue to redness. It is yellow while hot, 
and becomes white on cooling. 

Antimony ash, obtained by roasting the grey sulphide in air, consists 
chiefly of SbjO^, and is used for preparing other antimony compounds. 

Thus, tartar-emetic may be obtained by boiling Sb^O^ with hydro- 
potassium tartrate ; Sb„04 + HKO^H^Og = SbO.ElC^H,,©^ (tartar-emetic) -f 
HSbOg (antimonic acid). This leads to the belief that Sb^O^ is really 
antimonyl antimonate, SbO.SbOj, in which case this formation of tartar- 
emetic would merely consist in the exchange of SbO for H. 

The presence of Sb^O^ in Sb^g can be detected by dissolving in HOI 
and adding KI, when iodine will be liberated — 

Sb„0, + 2 Kr + SHCl = 2 SbCI, + 2 KCI 4- 4H,0 + I^. 

Antimonic oxide, Sb^Og, is formed when antimony is oxidised by nitric 

* Tlie vapour density of this oxide shows that its formula cannot be SbiOa, as formerly 
supposed. 
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acid, and the product well washed and dried at 280° 0 . It is a yellow 
powder (sp, gi*. 6.5). It will be remembered that AS3O5 may be obtained 
in a Rimilar way, but not PjO,. Sb,Oj is a pale yellow amorphous powder, 
insoluble in water, and decomposed at 300“' C., leaving SbjO^. It is 
dissolved by potash, forming the antimonate, KSbOg. 

Antimonious acid,* HSbO»i corresponding with nitrons acid, is said to have been 
obtained as 2HSbO„.3Aq, in the form of a white precipitate, by decomposing 
sodium antimonite with nitric acid. _ _ • 

Antimonic acid, HSbOj, corresponding with nitric acid, is precipitated as 
HSbOj.aAq by adding nitric acid to solution of potassium antimonate. It is a 
white powder, slightly soluble in water, and easilj’' so in potash. 

Potassium antimonate, KSbOj, is made by gradually adding i part of powdered 
antimony to 4 parts of nitre fused in a clay crucible. The mass is powdered and 
washed with warm water to remove the excess of nitre and the potassium nitrite, 
when the anhydrous potassium antimonate is left and on boiling this for an 
hour or two with water, it becomes hydrated, and dissolves. The solution, when 
evaporated, leaves a gummy mass of potassium antimonate, having the composi- 
tiow 2KS.bO3.5Aq. This dissolves in warm water, and is decomposed by boiling 
for some time, yielding an acid antimonate K4H;(Sb03)3.9Aq. 

- Sodium antimonate, aNaSbOj.yAq, is prepared like the potassium salt. 

Ammonium antimonate, NH^SbOg, is obtained^ as a crystalline powder, insoluble 
in water, by dissolving HSbOg in warm ammonia. 

A basic lead antimonate is used in oil-painting as Naples yelloio. 

Metantimonic acid, H^Sb^O,, should really be called pyro-antimonic acid, since 
it corresponds with pyroplibspborio acid, It is obtained as a white precipi- 

tate by decomposing antimonic chloride with water ; 2SbGl3-b7H„0=H^Sb,0y + 
loHOl. It is rather more soluble in water than is antimonic acid, and dissolves in 
cold ammonia. When heated to 200° 0 ., it is converted into antimonic acid ; 
H,Sb..0,=2HSb03-^H20. This resembles the conversion of pyrophosphoric into 
metaphosphorio acid by the action of the heat. It is said that orthantimonic acid, 
HjSbO^, has been isolated. 

Potassium metantimonate, K^Sb^O,, is made by fusing the antimonate with 
potash, in a silver crucible; aKSbOj-f 2K0H=K4Sb20,-f H„ 0 . On dissolving in 
water and evaporating, crystals of the metantimonate are obtained, but water 
decomposes these into potash and potassium dimetantimonate, K,H„Sb„ 0 „ which 
forms a crystalline powder containing 6Aq. It is sparingly soluble in cold water, 
but dissolves in warm water. The solution forms a valuable test for sodium, 
which it precipitates in the form of Na2HjSh.,0,.6Aq. When long kept, the solu- 
tion of potassium dimetantimonate becomes’ converted into antimonate, which 
does not precipitate sodium; K2Sb20,+H20=2KSb03-j-2K0H. Acids precipitate 
metantimonic acid, which dissolves in HCl. Nearly all metallic solutions yield 
precipitates with the potassium dimetantimonate, so that all other metals must 
, be removed from the solution before testing for sodium. 

245. AntimonetteA hydrogen, or hydrogen antimonide, SbHg, is not 
known in the pure state, but is obtained, mixed with H, when an alloy 
of antimony mth zinc is attacked by dilute sulphuric acid, or when a 
solution of an antimony salt (tartar-emetic, for example) is poured into 
a hydrogen apparatus containing zinc and dilute sulphuric acid (see 
page 263). Its production forms the most delicate test for antimony, 
as in the parallel case of arsenic, but the one cannot be mistaken for 
the other, if the following differences be observed. The SbHg burns 
to Sb^Og and 11,0 with a greenish flame, which deposits a soot-Uach spot 
upon a porcelain crucible lid (fig. 208). This spot dissolves when a drop 
of yellow ammonium sulphide is placed on it with a glass rod, and on 
evaporation gives an orange. film of SbjS^. When the tube through 
which the gas passes is heated to 150° C. (fig. 210), metallic antimony is 
deposited at the heated part, and not beyond it, like arsenic. When the 

* Strictly, metantimonious acid; orihantlmonioiis acid, Sb(0H)3, has not been prepared. 
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gas is passed into silver nitrate, the antimony is precipitated as black 
silver antimonide; SbH3 + 3AgNOj = SbAg3 + 3HNO3 (whereas arsenic 
passes into solution as arsenious acid, and- gives a black precipitate of 
metallic silver). 

Sulphur decomposes SbH„ in sunlight or at 100° C., but not in the 
dark; 2SbH3 + 3S3 = Sb2S3+ 3H3S. The reactions with silver nitrate 
and with sulphur prove the composition of the gas to be SbHj, so that 
it is analogous to ASH3, PH3, and NH3. 

If the hydrogen antimonide be prepared by the action of dilute 
sulphuric acid upon an alloy of 2 parts of antimony with 3 parts of 
zinc, and the first portions collected separately and cooled to -91° C., 
it solidifies, but on raising the temperature to about — 60° it is decom- 
posed, antimony being deposited. This explains why so little of the com- 
pound is obtained in the gas made under ordinary conditions. 

• 246. Chlobides of antimony. — Chlorine and antimony combine 
readily with evolution of heat and light; the chlorides are among the 
most important compounds of this metal. 

Trichloride of antimony, or antimonious chloHde, SbCl3 ( = 2 vols.), 
may be prepared by distilling three parts of powdered antimony with 
eight parts of corrosive sublimate, when calomel and an amalgam of 
antimony are left, and the trichloride of antimony distils over; 
Sbg -J- 2HgCl5 = SbClj -1- SbHg -}- HgCl. It can also be obtained by 
boiling powdered antimony or sulphide of antimony to dryness, with 
strong sulphuric acid, and distilling the antimonious sulphate thus 
obtained with common salt. The trichloride is a soft crystalline fusible 
solid, whence its old name of hutter of antimony. It fuses at 73° O.and 
boils at 223° C. It may be dissolved in a small quantity of water, but 
a large quantity of water decomposes it, forming a bulky white precipi- 
tate, which is an oxychloride of antimony ; SbC]3 -f H „0 = 2IIOI -|- SbOCl ; 
this is a decomposition similar to that which occurs with PCI3, AsClj, 
and BiCla- By long washing, 2Sb001-J-Il20 = 2H01-FSbj03. When 
hot water is added to a hot solution of trichloride of antimony in 
hydrochloric acid, minute prismatic needles are deposited, containing 
Sb^OkOj, and formerly called powder of Algaroth. The same body is 
formed when SbOOl is heated ; 5Sb001 = SbOlg -f Sb^jOkO^. Trichloride 
of antimony is occasionally used in surgery as a caustic ; it also serves 
as a bronze for gun-barrels, upon which it deposits a film of antimony. 

Pentachloride of antimony, or antimonic chloride (SbClg), is prepared 
by heating coarsely powdered antimony in a retort, through which a 
stream of dry chlorine is passed (fig. 199), the neck of the retort being 
fitted into an adapter, which serves to condense the pentachloride. One 
ounce of antimony will require the chlorine from about 6 oz. of common 
manganese and 18 oz. (measured) of hj-^drochloric acid. The pure 
pentachloride is a colourless fuming liquid of a very sufiTocating odour; 
it combines energetically with a small quantity of water, forming a 
crystalline hydrate, Sb01j.4Aq, but an excess of water decomposes it 
into hydrochloric and metantimonic acids, the latter forming a white 
precipitate; aSbClj-f 7^2^” If it be dropped into 

water kept cool by ice, it yields antimony oxytrichloo'ide as a deliques- 
cent crystalline body ; SbCl^ + H ,0 = SbOCk + 2 HOI. Pentachloride of 
antimony is employed by the chemist as a chlorinating agent ; thus, 
olefiant gas (O^HJ, when passed through it, Ls converted into Dutch 
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liquid (0„Hpl„), and carbonic oxide into phosgene gas, the pentachloride 
•of antimony being convei’ted into trichloride. SbOl^ is partially disso- 
■ciated into SbOl^ and 01, at 140° 0. and completelj’’ at 200 0., and can 
■only be distilled in chlorine. 

The pentachloride of antimony is the analogue of pentachloride of 
phosphorus, and Sichlorosulphide of antimony (SbOIjS), corresponding with 
■chlorosulphide of phosphorus, is obtained as a white crystalline solid by 
the action of hydrosulphuric acid upon pentachloride of antimony. 

247. Sulphides of antuiont. — Antimonious sulphide, or sesquisulphide 
of antimony (SbjSj), has been noticed as the chief ore of^antimony. It 
is abundant in Borneo. It is a heavy mineral (sp. gr. 4.63), of a dark 
grey colour and metallic lustre, occui'ring in masses which are made up 
of long prismatic needles. It fuses easily, and may be sublimed un- 
•changed out of contact with air. It is easily recogmsed by heating it, 
in powder, with hydrochloric acid, when it evolves the odour of hydro- 
sulphuric acid, and if the solution be poured into water, it deposits an 
•orange precipitate (page 214). This orange sulphide, which is a com- 
pound of SbjSg with water, is also obtained by adding hydrosulphuric acid 
•to a solution of a salt of antimony (for example, tartar-emetic) acidi- 
fied with HOI. It may be converted into the grey sulphide at 200° 0. 
The orange variety constitutes the antimony vermilion, the preparation 
of which has been described at p. 232. Native sulphide of antimony is 
•employed, in conjunction -with potassium chlorate, in thefriction-tuhe for 
tiring cannon ; it is also used in perctcssion caps, together with potassium 
•chlorate and mercuric fulminate. Its pi’operty of deflagrating with a 
bluish-white flame, when heated with nitre, renders it useful in composi- 
itions for coloured fires. 

Glass of antimony is a transparent red mass obtained by roasting 
antimonious sulphide in air, and fusing the product ; it contains about 
•8 parts of oxide and i part of sulphide of antimony. It is used for 
•colouring glass yeUow. 

Red antimony ore is an oxysulphide of antimony, Sb203.2Sb2S3. 

Antimonic sulphide (Sb^S^) is obtained as a bright orange-red precipi- 
tate by the action of hydrosulphuric acid upon a solution of penta^ 
chloride of antimony in hydrochloric acid ; it is decomposed by heat 
into SboSg and 83. "When boiled with hydrochloric acid, Sb^Sj -1- 6H01 = 
2Sb0l3 + 3H2S + S3, showing the trivalence of antimony to be stronger 
than the quinquivalence. It is prepared on a large scale under the name 
of golden sulphuret of antimony by boiling Sb3S3 with HOH and S, and 
adding acid to the solution of potassium thioantimonate {fiver of antimony) 
thus obtained. It is used for vulcanising india-rubber. 

Both SbjSj and Sb^Sj are dissolved by the alkaline sulphides, forming thio- 
metantimonites (from HSbS„) and tliioantimonates (from H3SbS4) respectively. 
Thus, like the sulphide of arsenic, they dissolve in alkalies yielding the appropriate 
•oxy-salts and thio-salts ; for example, 2Sb,S3+4K0H=3KSbS, + KSb02-f 2H,0, 
and 4Sb„S5 -t- 24KOH = sKgSbS^ 4- 3K3Sb04 + i2H„0. When the solutions are acidi- 
fied, all the Sb is precipitated again as sulpfiide. Even metallic antimony, in 
powder, is dissolved when gently heated with solution of potassium sulphide 
in which sulphur has been dissolved, any lead or iron which may be present 
being left in the residue, so that the antimony may be tested by this process as 
to its freedom from those metals. 

Mineral Icermes is a variable mixture of oxide and sulphide of antimony, which 
is deposited as a. reddish-brown powder from the solution obtained by boiling 
sulphide of antimony with potash or soda. It was formerly much valued for 
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medicinal purposes. Kermes was the Arabic name of an insect formerly used in 
dyeing scarlet. 

iScJmppe’s salt is the sodium tbioantimonate (NajSbS^. pH.D), and may be 
obtained in fine transparent tetrahedral crystals by dissohdng SbjS, in NaOH 
and adding sulphur. This salt is sometimes used in photography. Potassium 
thioantimonate, K^BhS^.gAq, is knov/n. 

Antimonious stdphate, Sb„(S04)3, is formed when antimony is boiled with strong 
H2SO4. It crystallises in needles, which are decomposed by water into a soluble 
sulphate and an insoluble basic sidphate. 

247a. Vanadium* (V=5i. 4) was originally discovered in certain Swedish iron 
ores, but its chief ore is the vanadate of had, which is found in Scotland, Mexico, 
and Chili. Vanadic acid has also been found in some clays, in the cupriferous 
sandstone at Perm in Eussia, and Alderley Edge in Cheshire ; it is contained 
in some specimens of coal. By treating the vanadate of lead with nitric 
acid, expelling the excess of acid by evaporation, and _ washing out the 
lead nitrate with water, impure vanadic anhydride (VjOj) is obtained, which 
may be purified by dissolving in ammonia, crystallising the ammonium 
metavanadate, NH^VOj, and decomposing it by heat, when vanadic anhydride 
is left as a reddish-yellow fusible solid, which crystallises _ on cooling, and 
dissolves sparingly in water, giving a yellow solution. It dissolves in hydro- 
chloric acid, and if the solution be treated with a reducing agent (such as 
hydrosulphuric acid) it assumes a fine blue colour. If a solution of ammonium 
vanadate be mixed with tincture of galls, it gives an intensely black fluid, which 
forms an excellent ink, for it is not bleached by acids (which turn it blue), alkalies, 
or chlorine. 

Vanadium itself has been obtained by heating its chloride in hydrogen, as a 
silver white metal (sp. gr. 5.5) It is not oxidised by air and does not decompose 
water, but burns when strongly heated in air. Its melting-point is not kno^. 
It is insoluble in HCl, but soluble in HNOj. Fused NaOH converts it into sodium 
vanadate. 

The oxides of vanadium correspond in composition with those of nitrogen. 
VO is a basic oxide forming salts which give lavender-coloured solutions; these 
absorb oxygen rapidly from the air, and act as powerful reducing agents. V„ 0 , 
is a black crystalline body resembling plumbago, and capable of conducting 
electricity, obtained by heating vanadic anhydride in a current of hydrogen ; it 
is insoluble in acids, and combines with bases to lormyanadites (EVOo). V^O^ is 
produced when VoOj is heated in air; it dissolves in acids forming salts of vanadyl 
(VO), and in alkalies forming hypovanadates (EjVjOj). Vanadic anhydride, VoO^, 
forms purple and green compounds with the above oxides. Metavanadic acid, 
HVO3, crystallises in beautiful golden scales. The yellow fuming liquid, formerly 
cahed chloride of vanadium, is really an oxychloride, vanadyl trichloride, VOOlj. 
The oxychlorides, V^OoOl, V 001 , and V 0 C 1 „, have also been obtained. There are 
two compounds of vanadium with nitrogen, VN and VN„. Compounds of vanadium 
are now used for blacks in calico-printing, in conjunction with chlorates and 
aniline hydrochloride. The slag of the Creusot steel works is now the chief 
source of vanadic acid, of which it contains 2 per cent. 

2476. Niobium (Nb = g4) occurs as niobaies in several rare minerals, of which 
columhite from Massachusetts is most important. By fusing the mineral with 
KHSO4, treating with water, digesting the insoluble residue with (NHJjS (to 
remove Sn and W), and with HCl to remove FeS, a mixture of Nh-Oj and Ta_,Oj is 
obtained. This is dissolved in HP, and KHF„ is added ; on concentrating, ILTaF, 
crystallises first and is followed by NbOFj.a’KP; each yields the corresponding 
pentoxide when boiled with much water. 

To extract Nb from Nb.Oj this is first converted into NbCl^ (by ignition with 
charcoal and chlorine), the’ vapour of which is mixed with H and passed through 
a red-hot tube. The deposited metal is steel-grey (sp. gr. 7), burns to NboOj, and 
is insoluble in all acids except in a mixture of HP and HNO3 and in HjSO^ cone. 

Ifiobic anhydride, NboO^, is a white powder which dissolves in alkalies forming 
metanidbates, ENbOg. NbO and NbO„ are also known. NbClj and NbCIj (m. p. 
194° C. ; b. p. 240° C.) have been prepared, as well as oxychlorides analogous to 
those of vanadium. 

247c. Tantalum (Ta= 182.6). This metal accompanies niobium, and is also 
found in tantalite. Its extraction is similar to that of niobium. Ta^O^ and Ta-Og 

* Vanadis, a Scandinavian deity. 
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are known, the latter yielding mctatanlalates. TaClj melts at 211° C., and boils 
at 241° C. 

, The bisnuiih group of metals .— metals Bi, Sb, Ta, Nb, and V belong to the 
same group of elements, which also includes N, P, and As. All these are charac- 
terised by their acid pentoxides. Ta, Nb, and V do not form hydrides analogous 
to PH3. nor is BiHg known. Many points of resemblance may be noted between 
vanadium and chromium, whilst niobium and tantalum recall tungsten. 

TIN. 

Sn = 1 1 9 parts by weight. 

248. Tin is by no means so widely diffused as most of the other metals 
which are largely used, and is scarcely ever found in the metallic state in 
nature. Its only important ore is that known as tin-sione, which is a 
binoxide of tin, SnO„, and is generally found in veins traversing quartz, 
granite, or slate. It is generally associated with arsenical iron pyrites, 
and with a mineral called loolfram, which is a tungstate of iron and 
manganese. 

"Tin-stone is sometimes found in alluvial soils in the form of detached 
rounded masses ; it is then called stream tin ore, and is much purer than 
that found in veins, for it has undergone a natural process of oxidation 
and levigation exactly similar to the artificial treatment of the impure 
ore. These detached masses of stream tin ore are not unfrequently 
rectangular prisms with pyramidal terminations. 

The Cornish mines, and those of Malacca and Banca, furnish the largest 
supplies of tin. Tin-stone is also found in Bohemia, Saxony, California, 
and Australia. At the Cornish tin-works the purer portions of the ore 
are picked out by hand, and the residue, which contains quartz and other 
earthy impurities, together with copper pyrites and arsenical iron pyrites, 
is reduced to a coarse powder in the stamping-mills, and washed in a 
stream of water. The tin-stone, being extremely hard, is not reduced to 
so fine a powder as the pyritic minerals associated with it, and these 
latter are therefore more readily carried away by the stream of water 
than is the tin-stone. The removal of the foreign matters from the ore 
is also much favoured by the high specific gravity of the binoxide of tin, 
which is 6.5, whilst that of sand or quartz is only 2.7, so that the latter 
would be carried off by a steam Avhich would not disturb the former. 
So easily and completely can this separation be effected, that" a sand 
containing less than i per cent, of tin-stone is found capable of being 
economically treated. 

In order to expel any arsenic and sulphur which may still remain in 
the washed ore, it is roasted in quantities of 8 or 10 cwts. in a rever- 
beratory furnace, when the sulphur is disengaged in the form of sul- 
phurous acid gas, and the arsenic in that of arsenious oxide, the iron being 
left in the state of ferric oxide, and the copper partly as sulphate of 
copper, partly as unaltered sulphide. To complete the oxidation of the 
insoluble sulphide of copper, and its conversion into the soluble sul- 
phate, the roasted ore is moistened with water and exposed to the ah' 
for some days, after which the whole of the copper may be removed by 
again washing with water. 

A second washing in a stream of water also removes the ferric oxide 
in a state of suspension, and this is much more easily effected than 
when the iron was in the form of pyrites, since the difference between 
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the specific gravity of this mineral (5.0) and that of the tin-stone (6.5) 
is far less than that between the sp. gr. of ferric oxide and tin-stone. 

The ore thus purified contains between 60 and 70 per cent, of tin; 
it is mixed very intimately Avith about ^th of powdered coal, and a little 
lime or fluor spar, to form a fusible slag with the siliceous impurities, 
and reduced in a reverberatory furnace, a comparatively easy task since 
binoxide of tin readily parts with its oxygen to carbon at a red heat. 

The tin-smelting furnace is shown in fig. 234. The mixture of ore and coal is 
moistened to prevent its dispersion by the draught of air, and spread on the 
hearth (A) in charges of between 20 and 25 cwts.^ 

The temperature is not permitted to rise too high at first, lest a portion of the 
oxide of tin should combine with the silica to form a silicate, from which the 
metal would be reduced with difficulty. 

During the first six or eight hours the 
doors of the furnace are kept shut, so as 
to exclude the air and favour the re- 
ducing action of the carbon upon the 
binoxide of tin, the oxygen of which it 
converts into carbonic oxide, leaving 
the tin in the metallic state to accumu- 
late upon the hearth beneath the layer 
of slag. When the reduction is deemed 
complete, the mass is well stirred with 
an iron paddle to separate the metal 
from the slag ; the latter is run out first, 
and the tin is then drawn off into an 
iron pan (B), where it is allowed to 
remain at rest for the dross to rise to 
the surface, and is ladled out into ingot 
moulds. 

The slags drawn out of the smelting- 
furnace are carefully sorted, those 
which contain much oxide of tin being 
Avorked up with the next charge of 
ore, whilst those in which globules of 
metallic tin are disseminated are 
crushed, so that the metal may be 
separated by washing in a stream of 
Fig. 234. water. 

The tin, when first extracted from 
the ore, is far from pure, being contaminated with small quantities of 
iron, arsenic, copper, and tungsten. In order to purify it from these, 
the metal is submitted to a process of liquation, in which the easy fusibility 
of tin is taken advantage of; the ingots are piled into a hollow heap near' 
the fire-bridge of a reverberatory furnace, and gradually heated to the fusiner 
point, when the greater portion of the tin flows into an outer basin, whilst the 
remainder is converted into the binoxide, which remains as dross upon the 
hearth, together with the oxides of iron, copper, and tungsten, the arsenic having 
passed off in the form of arsenious oxide. Fresh ingots of tin are introduced at 
intervals, until about 5 tons of the metal have collected in the basin, which is 
commonly the case in about an hour after the commencement of the operation. 

The specific gravity of tin being very low (7.285), any dross which may still 
remain mingled with it does not separate very readily ; to obviate this, the ruolten 
metal is well agitated by stirring with wet wooden poles, or by lowering billets of 
wet wood into it, when the evolved bubbles of steam carry the impurities up to 
the surface in a kind of froth ; the stirring is continued for about three hours, 
and the metal is allowed to remain at rest for two hours, when it is skimmed and 
ladled into ingot moulds {Uoch tin). It is found -that, in consequence of the 
lightness of the metal, and its tendency to separate from the other metals with 
Avhich it is contaminated, the ingots which are cast from the metal first ladled 
out of the pot are purer than those from the bottom ; this is shown by striking 
the hot ingots with a hammer, when they break up into the irregular prismatic 
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fragments known as dropjysd or grain tin, the impure metal not exhibiting this 
extreme brittleness at a high temperature. The tin imported from Banca is 
celebrated for its purity (Straits tin). 

When the tin ore contains wolfram, [FeMnJWO,, which has sp. gr. 7 - 3 i. it 
remains behind with the prepared tin ore, and must be removed before smelting 
by fusion with sodium carbonate in a reverberatory furnace, when the tungstic 
acid is converted into sodium tungstate, which is dissolved out by water, and 
crystallised. This salt finds an application in calico-printing. 

On the small scale, tin may be extracted from tin-stone by fusing 100 grains 
with 20 grains of dried sodium carbonate, and 20 of dried borax, in a crucible 
lined with charcoal, exactly as in the extraction of iron (see p. 376)._ 

The extraction is more easily effected by fusing 100 grains of tin-stons with 
500 grains of potassium cyanide for fifteen minutes at a red heat. 

249. Properties of tin. — ^Tin is remarkable for its lustre and wliite- 
ness, in which, it rivals silver, but is at once distinguished from it by its 
greater fusibility, and by its oxidising when heated in air. It is the most 
fusible of the metals in common use (227° 0.), much lighter than silver, 
sp. gr. 7.28, and emits a curious grating sound when bent; it is harder 
than lead, but softer than zinc ; very malleable at ordinary tempera- 
tures {tin-foil), brittle at 200° O. {dropped or grain tin), npt vaporised 
except at very high temperatures. It has the lowest tenacity of all the 
metals in common use, and therefore its ductility is very low, only one 
other common metal, lead, being moi'e difficult to draw into wire at the 
common temperature. Tin may, however, be drawn at 100° 0 . Only 
gold, silver, and copper surpass it in malleability. 

Tin decomposes steam at a red heat. It is scarcely affected by air or 
water at common temperatures,* and is therefore used for tinning other 
metals. Tin is easily soluble in strong hydrochloric acid, which dis- 
tinguishes it from silver, and it is converted into a white nearly in- 
soluble powder by nitric acid, which distinguishes it from all . other 
metals except antimony. 

Exposure to extreme cold converts tin into a crystalline modification, 
thus destroying the reflecting surface of the metal, and- giving it a grey 
appearance {grey tin). A spontaneous disintegration of the tin may even 
occiu' from this cause.t The sp. gr. of grey tin is 5,73, but becomes 7.0 
when the metal is heated under water. When fused, grey tin becomes 
ordinary tin. 

Tin-foil is made from bars of the best tin, which are hammered down 
to a certain thinness, then cut up, laid upon each other, and again 
beaten till extended to the required degree. 

Tin-plate is made by coating sheets of iron with a layer of tin ; to 
effect this the sheets, cleansed from oxide, are dipped into melted tin, 
a coating of which adheres to the iron when the sheet is withdrawn. 
Tin being unaltered by exposure to air at the ordinary temperature, 
will effectually protect the iron from rust as long as the coating of tin 
is perfect, but as soon as a portion of the tin is removed so as to leave 
the iron exposed, corrosion will take place very rapidly, because the two 
metals form a galvanic couple, which will decompose the water (charged 

* tin (sp. gr. 7.18), deposited upon zinc from neutral stannous cUoride, and 

powdered tin, made by shaking molten tin in a wooden box, oxidise to a considerable 
extent at the ordinary temperature ; when heated, the superficial oxide prevents the tin 
from fusing, _ and it burns like tinder. 

f The disintegration of the tin pipes of church organs, observed in cold climates, has 
been attributed to the conversion of the tin into the grey modification by the cold, perhaps 
aided by. the vibrations to which the pipes are subjected. 
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witli carbonic acid) deposited upon them from the air, and the iron, 
having the greater attraction for oxygen, will be the metal attacked. 
In the case of galvanised iron (coated with zinc), on the contrary, the 
zinc would be the metal attacked, and hence the greater durability of 
this material under certain conditions. 

For the manufacture of tin-plate, the best mild steel is employed, and the most 
important part of the process consists in cleansing the iron plates from every 
trace of oxide which would prevent the adhesion of the tin. To effect this, and 
to anneal the iron, they are made to undergo several processes, of which the 
most important are — (i) immersion in diluted sulphuric acid ; (2) heating to 
redness to anneal the plate ; (3) rolling to improve the surface ; (4) a second 
annealing ; (5) immersion in diluted sulphuric acid ; (6) scouring with sand ; 
(7) washing with water ; they are then dried for an hour in a vessel of melted 
tallow, which prevents contact of air, and immersed for an hour and a half in 
melted tin, the surface of which is protected from oxidation by tallow ; after 
draining, they are dipped a sebond time into the tin to thicken the layer ; then 
transferred to a bath of hot tallow to allow the superfluous tin to run down to 
the lower edge, whence it is afterwards removed by passing the plate through 
rollers. About 8 lbs. of tin are required to cover 225 plates, weighing 112 lbs. 

To recover the tin from tin-plate cuttings they are boiled with caustic soda 
and litharge ; Sn -f 2NaOH -f aPbO =Na2Sn03 + Pb„ + H„ 0 . The sodium stannate, 
Na^SnOj, is used in dye-works, and the ’precipitated lead is again converted into 
litharge by heating in air. 

Terne-plate is iron coated with an alloy of tin and lead. 

In tinning tbe interior of copper vessels, in order to prevent the con- 
tamination of food with the copper, the surface is first thoroughly 
cleaned from oxide by heating it and rubbing over it a little sal- 
ammoniac, which decomposes any oxide of copper, converting it into 
the volatile chloride of copper (OuO-b 2NII4C1 = CuClj-f HjO -f 2NH3). 
A little resin is then sprinkled upon the metallic surface, to protect it 
from oxidation, and the melted tin is spread over it with tow. 

Pins (made of brass wire) are coated Avith tin by boiling them with 
cream of tartar (bitartrate of potash), common salt, alum, granulated 
tin, and water; the tin is dissolved by the acid liquid, from which 
solution it is reduced by electrolytic action, for the tin is more highly 
electro-positive than the brass, and the latter acts as the negative 
plate. 

250, Alloys. — T he term alloy is applied to any homogeneous mass 
consisting of two or more metals. In the majority of cases, it is not 
possible to detect the properties of the individual metals in such a mass, 
so that the alloy cannot be regarded as a mere mixture. In many cases, 
on the other hand, the alteration of properties induced in a metal by 
the addition of another metal does not show any definite relationship 
Avith the mass of the added metal, as Avould be the case if such altera- 
tion were wholly due to chemical combination. A little consideration 
Avill shoAv that the difficulty thus experienced in assigning the phe- 
nomenon of alloy-formation to its proper position in the classes of 
change, usually distinguished as physical and chemical, is parallel to 
that experienced in assigning the phenomenon of solution to one of 
these tAvo classes (p. 47). It has thus become customary to regard alloys as 
solidijied solutions^ which in some cases are analogous to what has been 
already termed a simple solution — ^that is, the alloy shows no evidence 
of containing a chemical compound — and in other cases are analogous to 
those solutions which undoubtedly contain a compound of the solvent ' 
with the dissolved substance in a state of simple solution. The 
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majority of alloys belong to the second class, and consist of solutions 
of compounds of the constituent metals in an excess of one of the 
metals. ‘ 

Two important pieces of evidence in favour of these views must be quoted, 
(i) In many instances, when one metal is alloyed, in small proportion, with 
another, the freezing-point of the preponderating metal is lowered to an extent 
which is in accord with the laws controlling the lowering of the freezing-point of 
a solvent by a dissolved solid (p. 295).* This indicates that the alloy is but a 
solidified solution. (2) When a compound plate (of copper and zinc, for instance), 
consisting of one metal closely attached to another, is used as the attackable 
plate of a galvanic cell, the electro-motive force of the cell is that which would be 
produced were the more attackable of these metals (zinc, for instance) alone used 
as the attackable plate. When an alloy is thus treated, the E.M.F. is in some 
cases that which would be produced by the more attackable constituent, and is 
in some cases different from this. Identity of the E.M.F. with that of the more 
attackable metal indicates that the alloy is a solidified simple solution, whereas 
a difference from this value can only be due to the existence of a compound in the 
alloy. 

The opinion has been advanced that an allotropic change sometimes occurs in 
a metal when it is alloyed with another metal (compare the production of 
graphitoid silicon by “ alloying” silicon with aluminium, p. 126). 

Alloys are industrially made by mixing the constituent metals in a 
melted condition, although they have been also prepared both by 
strongly compressing a mixture of the powdered metals at the ordinary 
temperature, and by electrolysing a solution containing salts of the con- 
stituent metals ; the metallic deposit obtained by the latter method 
consists, in some cases, of an alloy. 

250a. Alloys of tin. — Tin is the chief metal used for making white 
alloys, some of which resemble silver in appearance. Britannia metal 
consists chiefly of tin (about 80 per cent.) hardened by antimony (about 
10 per cent.) and a little copper. Base silver coin consists chiefly of 
tin. Pewter consists of 4 parts of tin and i part of lead. Much 
inferior tin-foil is made of pewter. The fusibility of tin recommends 
it for solder. The solder employed for tin- wares is an alloy of tin and 
lead in various proportions, sometimes containing 2 parts of tin to i of 
lead (flne solder), sometimes equal weights of the two metals (common 
solder), and sometimes 2 parts of lead to i of tin (coarse solder). All 
these alloys melt at a lower temperatui'e than tin, and, therefore, than' 
lead. ^ In applying solder, it is essential that the surfaces to be united 
be quite free from oxide, which would prevent adhesion of the solder; 
this is insured by the application of sal-ammoniac, or of hydrochloric 
acid,"}* or sometimes of powdered borax, remarkable for its ready fusi- 
bility and its solvent power for the metallic oxides. 

Ghin metal is an alloy of 90.5 parts of copper with 9.5 of tin, 
especiall}’’ valuable for its tenacity, hardness, and fusibility. In 
preparing this alloy, it is usual to melt the tin in the first place with 
twice its weight of copper, when a white, hard, and extremely brittle 
alloy IJiard metal) is obtained. The remainder of the copper is fused in 
a de-oxidising flame on the hearth of a reverberatory furnace, and ^he 
hard metal thoroughly mixed with it, long wooden stirrers being 
employed. A quantity of old gun metal is usually melted with the 

* It be remarked that evidence as to the molecular weight of metals has been 
obtained from alloys by a method analogous to that of Kaoult (p. 295). 

t . customary to Icill the hydrochloric acid by dissolving some zinc in it. The 
chloride of zinc is probably useful in protecting the work from oxidation. 
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copper, and facilitates the mixing of the metals. When the metals are 
thoroughly mixed, the oxide is removed from the surface and the gun 
metal is run into moulds made of loam, the stirring being continued 
during the running, in order to prevent the separation, to which this 
alloy is very liable, of a -white alloy containing a larger proportion of tin, 
which has a lower specific gravity, and would chiefly collect in the upper 
part of the casting (forming ihi-spots). The purest commercial qualities 
of copper and tin are always employed in gun metal. 

The brittle white alloy alluded to above as hard metal appears to be a chemical 
compound having the formula SnCu^ (which requires 31.S per cent, of tin and 68.2 
per cent, of copper), though the alloy which has the highest density, and bears 
repeated fusion without alteration in its composition, corresponds with the 
formula SnCua (38.2 per cent, of tin). It is probably one of these alloys which 
forms the tin-spots or flaws in gun-metal castings. 

Bronze is essentially an alloy of copper and tin, containing more tin 
than gun metal contains ; its composition is varied according to its appli- 
cation, small quantities of zinc and lead being often added to it. Bronze is 
afiected by changes of temperature, in a manner precisely the reverse of 
that in which steel is influenced, for it becomes hard and brittle when 
allowed to cool slowly, but soft and malleable when quickly cooled, a 
property which the ancients applied in the manufacture of weapons. 
Bronze coin (substituted for the copper coinage) is composed of 95 copper, 
4 tin, and i zinc. Manganese-hronze, an alloy of ordinary bronze con- 
taining Mn, is said to rival bai’-iron in tenacity and extensibility ; it is 
used for ships’ propellers. Phosphoi’-hronze contains about ^ per cent, 
of phosphorus added as tin phosphide. 

Bell metal is an alloy of about 4 parts of copper and i of tin, to which 
lead and zinc are sometimes added. The metal of which musical instru- 
ments are made generally contains the same proportions of copper and 
tin as bell metal. At a little below a dark red heat, this alloy may be 
hammered into thin plates, imitating the celebrated Chinese gongs. 

Speculum metal, employed for reflectors in optical instruments, consists 
of 2 parts of copper and i of tin, to which a little Zn, As, and Ag are 
sometimes added to harden it and render it susceptible of a high polish. 
A superior kind of type metal is composed of i part of Sn, i of Sb, and 
2 of Pb. 

Tin is not dissolved by nitric acid, but is converted into a white 
powder, metastannic acid ; hydrochloric acid dissolves it with the aid of 
heat, evol-ving hydrogen ; but the best solvent for tin is a mixture of 
hydrochloric with a little nitric acid. When the metal is acted upon by 
hydrochloric acid, it assumes a crystalline appearance, which has been 
turned to account for ornamenting tin-plate. If a piece of common tin- 
plate be rubbed over with tow dipped in a warm mixture of hydrochloric 
and nitric acids, its surface is very prettily diversified {moire metallique) ; 
it is usual to cover the surface with a coloured transparent varnish. 

A mixture of i vol. H^SO^, 2 vols. HIIO3, 3 vols. water dissolves 
tin in the cold, evolving nearly pure nitrous oxide. The solution is 
precipitated when heated. Poured into boiling water, all the tin is 
thrown down as metastannic acid. 

Commercial tin is liable to contain minute quantities of lead, iron, 
copper, arsenic, antimony, bismuth, gold, molybdenum, and tungsten. 
Pime tin may be precipitated in crystals by the feeble galvanic current 
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excited by immersing a plate of tin in a strong solution of stannous 
chloride, covered with a layer of water, so that the metal may be in 
contact with both layers of liquid. 

251. Oxides of tin. — Two oxides of- this metal are known — stannous 
oxide, SnO, and stannic oxide, SnO,. 

Protoxide of tin (SnO),' or stannous oxide, is a substance of little practical 
importance, obtained by heating stannous oxalate out of contact with air; 
SnC„04= SnO + CO„+ CO. It is a black powder which burns when heated in air, • 
becoming SnO„. It is a feebly basic oxide, and therefore dissolves in the acids ; 
it may also be dissolved by a strong solution of potash, but is then easily 
decomposed into metallic tin and stannic oxide, which combines with the potash. 
By heating tin 'with caustic soda a “ stannite” of soda is obtained this is 
substituted for stannate of soda, into which it is converted, with precipitation of 
tin, by boiling. 

Binoxide of tin (SnO„), or stannic oxide, has been mentioned as the 
chief ore of tin, and is formed when tin is heated in air. Tin-stone, or 
cassiterite, as the natural form of this oxide is called, occurs in very hard 
square prisms, usually coloured brown by ferric oxide. In its insolubility 
in acids it resembles crystallised silica, and, like that substance, it forms, 
Avhen fused with.alkalies or their carbonates, compounds which are soluble 
in water ; these compounds are termed stannates, the binoxide of tin 
being known as stannic anhydride. The artificial SnOg dissolves in hot 
strong sulphuric acid, and is precipitated on adding water. It is easily 
reduced when heated in hydrogen, and is converted into SnCl^ when 
heated in HCl gas. 

Sodmm stannate, Na^O.SnOj, is prepared, on the large scale, for use 
as a mordant by calico-printers. The prepared tin ore (p. 407) is 
heated with solution of caustic soda, and boiled down till the tem- 
perature rises to 600° T. (315“ 0.); or the tin ore is fused with sodium 
nitrate, when the nitric acid is expelled. It crystallises easily in hex- 
agonal tables having the composition 3Sraj,Sn03.3Aq, which dissolve 
easily in cold water, and are partly deposited again when the solution 
is heated. Prismatic ci'ystals have been obtained of NagSnOj.ioAq, 
like NajCOj.ioAq. Most normal salts of the alkalies also cause a 
separation of sodium stannate from its aqueous solution. The solution 
of sodium stannate has, like the silicate, a strong alkaline reaction, and 
when neutralised by an acid yields a precipitate of stannic acid, H^SnOj, 
or SnO(OII)2, which may be obtained as a hydrosol and a hydrogel 
exactly as described for silicic acid (p. 122). The great similarity be- . 
tween stannic and silicic acids is here very remarkable. When heated, 
stannic acid is converted into SnO^. 

Stannic or metasiannic acid, H^SnOj (dried at 100° C.), is obtained as a white 
crystalline hydrate when tin is oxidised by nitric acid ; when washed with water 
and dried at 100° C., it has the above composition. When heated, it assumes a 
yellowish colour, and a hardness resembling that of powdered tin-stone. Putty 
poicder, used for polishing, consists of metastannic anhydride; as found in 
commerce, it generally contains much oxide of lead. Metastannic acid is insoluble 
in water and diluted acids, but when boiled -with dilute HCl it combines -with 
some of the acid, and when the excess of HCl has been removed by washing, the 
compound passes into solution, from which it is reprecipitated by HCl, or by 
boiling. When fused with hydrated alkalies it is converted into a soluble 
srannate, but if boiled with solution of potash it is dissolved in the form of 
potassium metastannate, which win not crystallise, like the stannate, bnt is 
obtained as a granular precipitate bv dissolving potassium hydrate in its solu- 
tion. This precipitate has the composition IL.SnjO„.4Aq ; it is very soluble in 
water, and is strongly alkaline. When it is 'heated to expel the water, it is 
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decomposed, and the potash may be washed out with water, ]ea\’ing metastannic 
anhydride. The sodium metastannate, NaEnjO„. 4 Aq, has also been obtained as a 
sparingly soluble crystalline powder, by tbe action of cold sodium hydroxide on 
metastannic acid. It is claimed that the precipitate formed by alkalies in’ stannic 
chloride is orthostannic acid, Sn(OH) 4 . 

Stannate of tin is obtained as a yellowish hydrate by boiling stannous chloride 
with ferric hydroxide ; Fe „03 + 2 SnCl„=SnSn 03 + 2FeCL. It is sometimes written 
SnoOg, and called sesquioxide of tin. 

Stannous nitrate, Sn(N 03 )j, is formed when tin is dissolved in cold very dilute 
nitric acid; Sn 4 + ioHN 03 = 4 Sn(N 03 ) 2 +NH 4 N 03 + 3H„0. It forms a yellow solu- 
tion, which absorbs oxygen and deposits SnO„. Stannic nitrate, Sn(N 03 ) 4 , has 
been crystallised from a solution of stannic acid in nitric acid. 

252. Chlomdes of tin. — The two chlorides of tin correspond in 
composition with the oxides. 

Stannous chloride, or ‘pvotochlorideof tin (SnOl^), is much used by dyers 
and calico-printers,^ and is prepared by dissolving tin in hydrochloric 
acid, when it is deposited, on cooling, in lustrous prismatic needles 
(SnClj.a Aq) known as tm crystals or salts of tin. In vacuo, over H^SO^, 
they become SnCl^ (m. p. 249° 0 .). The solution of the tin is generally 
effected in a copper vessel, in order to accelerate the action by forming 
a voltaic couple, of which the tin is the attacked metal. When gently 
heated, the crystals lose them water, and are partly decomposed, some 
hydrochloric acid being evolved (SnCl, -f II ,0 = Sn 0 -|- 2HOI) ; at a 
higher tempei'ature (620° C.) the anhydrous chloride may be distilled. 
The crystallised stannous chloride dissolves in about one-third of its 
weight of water, but if much water be added, a precipitate of stannous 
hydroxtjchloride, 2Sn(0H)Cl.Aq, is formed, which dissolves on adding 
HOI. A moderately dilute solution of stannous chloride absorbs oxygen 
from the air, and deposits the hydroxychloride, leaving stannic chloride 
in solution ; 3SnCl3 -f- H3O 4- 0 = SnOl^ -b 2Sn(0H)Cl. If the solution 
contains much free hydrochloric acid, it i-emains clear, being entirely 
converted into stannic chloride. A strong solution of the chloride is 
not oxidised by the air, and the weak solution may be longer preserved 
in contact with metallic tin. Stannous chloride has a great attraction 
for chlorine as well as for oxygen, and is frequently employed as a de- 
oxidising or de-chlorinating agent. Tin may be precipitated from 
stannous chloride by the action of zinc, in the form of minute crystals. 
A very beautifrd tin tree is obtained by dissolving granulated tin in 
strong hydrochloric acid, with the aid of heat, in the proportion of 8 
measured oz. of acid to 1000 grs. of tin, diluting the solution with four 
times its bulk of water, and introducing a piece of zinc. 

Stannous chloride is also obtained by heating tin in HOI gas, or by 
distilling tin with mercuric chloride ; Sn 4- HgOl, = Sn 01 „ 4- Hg. The 
mercury distils over, leaving the stannous chloride as a” transparent 
vitreous mass. Above 880° 0 . the density of its vapour is 94-5 (H= i), 
agreeing with the formula SnOlj, but below 700° 0 . it is 189, corre- 
sponding with SnjCh. 

Stannic chloride, or tetrachloride of tin (SnCl^), is obtained in solution 
when tin is heated with hydrochloric and nitric acids ; for the use of 
the dyer, the solution (niiromuriate of tin) is generally made with 
chloride of ammonium (sal-ammoniac) and nitric acid. The anhydrous 
tetrachloride is obtained by heating tin in a current of dry chlorine, 
when combination takes place with combustion, and the tetrachloride 
* It is sometimes ■nsed for imparting a fine golden colour to sugar. 
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distils over as a heavy (sp. 2.28) colourless volatile liquid (boiling 
point, 116° 0 .), giving Suffocating white fumes in the air. When mixed 
with a little water, energetic combination takes place, and three crys-- 
talline compounds may be produced, containing 3, 5, and 8 molecules of 
water. A large quantity of water causes precipitation of stannic acid. , 
The commercial crystals are SnOl^.sAq. The anhydrous chloride is 
also obtained by distilling tin with an excess of mercuric chloride; 
Sn + aHgClj^SnCl^ + Hgj; but here, the result is opposite to that in 
the case of stannous chloride, as the stannic chloride distils over before 
the mercury. Stannic chloride forms crystallisable double salts with the 
alkaline chlorides. Pink salt, used by dyers, is a compound of stannic 
chloride with chloride of ammonium, 2NB[^01.SnCl^ ; it is colourless, 
but is used in dyeing red with madder. The compound 2HOl.SnCl4.6Aq 
has been obtained in crystals. 

Stannic hromide, SnBr^, is crystalline, fuses at 30° 0 ., and boils at 
201° 0 . It dissolves in water without immediate decomposition. 

253. Sulphides op tin. — "iA^protosulphide, or stannous sulphide (SnS), 
may be easily prepared by heating tin with sulphur, when it forms a 
grey crystalline mass. It is also obtained as a dark brown precipitate 
by the action of hydrosulphuric acid upon a solution of stannous chloride. 
Stannous sulphide is not dissolved by alkalies unless some sulphur be 
added, which converts it into stannic sulphide. It dissolves in hot 
strong HOI. 

Bisulphide of tin, or stannic sulphide (SnSj), is commonly known as 
tmsaic gold or bronze powder,^ and is used for decorative purposes. It 
cannot be made by heating tin with sulphur, because it is decomposed 
by heat into SnS and S. It is prepared by a curious process, which 
was devised in 1771, and must have been the result of a number of 
trials. 12 parts by weight of tin are dissolved in 6 parts of mercury ; 
the brittle amalgam thus obtained is powdered and mixed with 7 parts 
of sulphur and 6 of sal-ammoniac. The mixture is introduced into a 
Florence flask, which is gently heated in a sand-bath as long as any 
smell of hydrosulphuric acid is evolved ; the temperature is then raised 
to dull redness until no more fumes are disengaged. The mosaic gold 
is found in beautiful yellow scales at the bottom of the flask, and 
sulphide of mercury and calomel are deposited in the neck. The 
mercury appeal’s to be used for effecting the fine division of the tin, 
and the sal-ammoniac to keep down the temperature (by its volatilisa- 
tion) below the point at which the stannic sulphide is converted into 
stannous sulphide. 

Mosaic gold, like gold itself, is not dissolved by hydrochloric or nitric 
acid, but easily by aqua regia. Alkalies also dissolve it when heated. 
On adding hydrosulphuric acid to a solution of stannic chloride, the 
stannic sulphide is obtained as a yellow precipitate, which is sometimes 
formed only on boiling. It dissolves easily in alkalies and alkaline 
sulphides, forming thiostannates. The sodium salt, Ha,SnS3.2H,0, 
has been crystallised in yellow octahedra. When fused with iodine, 
SnS„ forms SnS,!^, a fusible yellow body which does not lose iodine 
when heated, and dissolves in carbon disulphide, forming a brown 
solution which deposits red crystals like potassimn dichi’omate ; these 


. * tivonze powder is also made by powdering finely laminated alloys 
zinc, a liUie oil being used to prevent oxidation. 


of copper and 
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are decomposed by boiling with water, yielding SnO„ sulphur, iodine, 
and HI. 

Tin pyrites contains either SnS or SnS„, or both, accompanied by sulphides of 
copper and iron. 

/Stannic sulphate, Sn(SOj)„, is left as a white mass when tin is boiled to dryness 
with sulphuric acid. 

Stannic phosphate, Sna(P 04 ) 4 , is insoluble in nitric acid, and is sometimes used 
in separating phosphoric acid in quantitative analysis. 

Stannic arsenate is left in the residue obtained by oxidising alloys containing 
tin and arsenic with nitric acid. 

Tin is vei-y closely connected with silicon by the composition, hard- 
ness, and insolubility of SnO^, and by the characters of SnOl,. Among 
metals it is conspicuous by the feebly basic character of its oxides and 
by the powerful reducing properties of SnCl,. 

254. Titanium (Ti=48). which stands in close chemical relationship to tin, is 
found in considerable quantity in iron ores and clays, although no very important 
practical application has hitherto been found for it. The form in which it is 
generally found is titanic oxide (or anhydride) (TiO„). which occurs uncombined 
in the minerals rutile, anatase, and hrookite, the first of which is isomorphous with 
tin-stone, and is extremely hard, like that mineral. The mineral p/<^i'owshite is 
(CaFe)Ti03. In combination with oxide of iron, titanic oxide is found in iron-sand, 
iserine, or menaccanite (found originally at Menaccan, in Cornwall), which resembles 
gunpowder in appearance, and is now imported in abundance from Nova Scotia 
and New Zealand. Some specimens of this mineral contain 40 per cent, of titanic 
oxide as ferrous titanate. To extract titanic oxide from it, the finely ground 
mineral is fused with three parts of potassium carbonate, when carbonic acid gas 
is expelled and potassium titanate (iCTiOg) formed ; on washing the mass with hot 
water, this salt is decomposed, a part of its alkali being removed by the water, and 
an acid titanate left, mixed with the oxide of iron. This is dissolved in hydro- 
chloric acid, and the solution evaporated to dryness, when the titanic oxide, and 
any silica which may be present, are converted into the insoluble modifications, 
and are left on digesting the residue again with dilute hydrochloric acid ; the 
residue is washed with water (by decantation, for titanic oxide easily passes 
through the filter), dried, and fused at a gentle beat with bisulphate of potassium. 
This forms a soluble compound with the titanic oxide, which may be extracted 
by cold water, leaving the silica undissolved. The solution containing the titanic 
oxide is mixed with about twenty times its volume of water, and boiled for some 
time, when the titanic oxide is separated as a white precipitate, exhibiting a great 
disposition to cling as a film to the surface of the flask in which the solution is 
boiled, and giving it the appearance of being corroded. The titanic oxide becomes 
yellow when strongly heated, and white again on eooling ; it does not dissolve in 
solution of potash, like silica, but when fused with potash it forms a titanate, 
which is decomposed by water ; the acid titanate of potassium which is left may 
be dissolved in hydrochloric acid, and if the solution be neutralised with ammo- 
nium carbonate, hydrated titanic acid (Ti(OH),) is precipitated, very much resem- 
bling alumina in appearance. By dissolving the gelatinous hydrate in cold 
hydrochloric acid, and dialysing, a solution of titanic acid in water is obtained, 
which is liable to gelatinise spontaneously if it contains more than i per cent, of 
the acid. Titanic acid is employed in the manufacture of artificial teeth, and for 
imparting a straw-yellow tint to the glaze of porcelain. 

If a mixture of titanic acid and charcoal be heated to redness in a porcelain 
tube through which dry chlorine is passed, titanwm tetrachloride (TiCl^) is obtained 
as a colourless volatile liquid (b. p. 136° C.), very similar to tetrachloride of tin. 
By passing the vapour of the tetrachloride over heated sodium, the metallic titanium 
is obtained in prismatic crystals (sp. gr. 3.6) resembling specular iron ore in 
appearance ; it fuses at a very high temperature. Like tin, it is said to 
dissolve in hydrochloric acid with liberation of hydrogen. The most re- 
markable chemical feature of titanium is its direct attraction for nitrogen, 
with which it combines when strongly heated in air. By passing ammonia gas 
over titanic oxide heated to redness, a yellow powder is formed, which is a nitride 
of titanium (TLN„). When suspended in water, it is blue by transmitted and 
yellow by reflected’iight. Ti3N4, corresponding with TiCl4,is also known. Beautiful 
cubes of a copper colour and great hardness, formerly believed to be metallic 
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titanium, are found adhering to the slags of blast furnaces in which titaniferous 
iron ores are smelted; these contain about 77 per cent, of titanium, iS of nitrogen, 
and rather less than 4 of carbon, and are believed to consist of a compound of 
cyanide with nitride of titanium, TiCv.-sTijN.. A similar compound is obtained by 
passing nitrogen over a mixture of titanic oxide and charcoal heated to whiteness. 

Violet-coloured crystals of titnniinn trichloride (Ti.Olj) arc obtained by passing 
hydrogen charged with vapour of the tetrachloride through a red-hot porcelain 
tube ; it forms a violet solution in water, which resembles stannous chloride in 
its reducing properties. 

Titanium (UcMoridc, TiCL is obtained by heating the trichloride to dull redness 
in hydrogen. It is a black solid which quickly absorbs moisture, and takes fire 
if water be dropped upon it. When dissolved in water or alcohol, it evolves 
hydrogen from them. Bromine combines with it, causing much heat, and form- 
ing TiCLBn. The dichloride volatilises in hydrogen without fusing, and if cooled 
in hydrogen it occludes the gas, and takes lire on exposure to air. It glows when 
heated on platinum, evolving TiGl„ and lea\nng a residue of TiO.„ 

When a solution of titanic oxide (or acid titanatc of potassium) in hydrochloric 
acid is acted on by zinc, a violet solution is formed, which deposits, after a time, 
a blue (or green) precipitate ; this appears to be a eesquioxide of titanium (Ti.Oj), 
and rapidly absorbs oxygen from the air, being converted into titanic oxide. 
This oxide is also obtained in the preparation of TiCL unless air be very carefully 
excluded. It then forms small shining copper-coloured crystals with a violet 
reflection, which have the same crystalline form as specular iron ore (Fc.Oj), 
TijOa is a basic oxide. The sulphate Ti2(tj04)3.SAq crystallises from the violet 
solution obtained by dissolving titanium in sulphuric acid. Nitric acid oxidises 
it to titanic sidphatc, Ti(SOJ„.3Aq, which forms a yellowish, transparent, deliques- 
cent mass. Thus, TiO„ appears to possess feebly basic as well as feebly acid 
properties. The potassio-titanic sidjdiate, If..Ti(S04)3.3Aq, is formed when TiO^ is 
fused with KHSO^. A titanous oxide (TiO) is said to be obtained as a black 
powder when titanic oxide is strongly heated in a crucible lined with charcoal. 

Titanium trioxide, TiO,, is obtained as a yellow precipitate, Ti(OH)5, when TiOl^ 
is mixed with a dilute solution of H; 0 ._.in alcohol. It is probably a peroxide, and, 
is the cause of the yellow colour developed by H^Oj in solution of titanic acid 
forming a test for H„Oj (p. 61). 

Titanium disidphide is not precipitated, like tin disulphide when hydrosul- 
phuric acid acts upon the tetrachloride ; but if a mixture of the vapour of tita- 
nium tetrachloride with hydrosulphuric acid is passed through a red-hot tube, 
greenish-yellow scales of the disulphide, resembling mosaic gold, are de- 
posited. 

255. ZiECONitJsr, Zr=90.6, occurs in the rare minerals zircon and hyacinth, in 
which the oxide zirconia (ZrO„) is combined with silica (ZrO,,. SiO..). The ZrOj is 
obtained from these minerals by heating with KHF.^, and boiling with water 
when IGSiFg is left and KoZrF^ dissolved ; this is heated with H„S04 *0 expel 
HF, and ZrO(OH)2 is precipitated by ammonia; when this is ignited, it incan- 
desces, loses water, and becomes ZrO„, which is a feebly acid oxide, liberating 
CO„ from fused Na^COj, and forming sodium zirconate, Na^ZrO^. 

Zr closely resembles Si, and is obtained like that element ; * it exists in an 
amorphous and a crystalline (sp. gr. 4.25) form. It dissolves in HF and in aqua 
regia, and decomposes water slowly at 100° C. Its melting point is very high. 
Zirconia is more basic than silica, and the metal displaces silicon when heated 
with silica. The sulphate is decomposed by boiling with K^SO^, recalling the 
behaviour of titanium. ZrCl, is known ; it is more stable than SiCl^. Evidence 
of the existence of higher oxides thah ZrO, has been obtained. 

256. Thoeium, Th= 232.6, resembles zirconium; it occurs in the rare mineral 
thorite, ThOo.SiOj. The oxide, thoria, ThO, (sp. gr. 9.7), is obtained by opening 
up the mineral with H^SO^, precipitating the thoria as oxalate and igniting this. 
It is more basic than ZrO„ ; its sulphate is precipitated from solution by boiling. 
Thoria does not dissolve in HCl or HNO,, but when the acid is expelled on the 
steam-bath, the residue dissolves in the water to an emulsion, in which acids 
cause a^ curdy precipitate soluble in pure water (compare metastannic acid). 
Ammonia produces a bulky precipitate, insoluble in acids. 

* At the high temperature of the electric furnace SiO,, ZrO,, and the other earths of 
this group can be reduced by carbon. 

2 D 
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The mantles used in the Welsbach incandescent gas-light are composed almost 
entirely of thoria. 

Thorium, prepared by fusing the chloride (ThClJ with potassium, is a grey 
metal, obtainable in an amorphous (sp. gr. 10.97) ^-nd a crystalline (sp. gr. 11.23) 
form.. It is very infusible, burns in air below a red heat, dissolves in dilute acids, 
and does not decompose water. 

Thoria does not liberate CO„ from fused Na„COg. 

256a:. Gebmanium, Ge = 72.3, occursin argyrodite,a silver ore. It is'extracted 
by fusing the powdered mineral with NfuCOg and S, extracting with water, 
neutralising the solution with H2SO4, filtering from the precipitated S, As^S^, and 
SboSj, and saturating with HjS, which precipitates white germanic sulphide, GeSj. 
This is roasted to oxide, from which the metal is reduced by heating with H or C: 
It is a white brittle metal (sp. gr. 5.47), melts about 900° 0 , and volatilises at 
higher temperatures ; the fused metal crystallises in octahedra. It is dissolved- 
by HoSO^, but not by HCl ; HNO3 oxidises it to GeOj. 

Germanium stands between silicon and tin in the periodic table (p. 276), but 
it is more nearly related to tin than to silicon ; its existence was prophesied 
(eJcasilicon) by Mendeleeff previously to its discovery (1885). It forms two oxides, 
GeO and GeO„, and two series of salts, corresponding with those of tin. Its 
chlorides are obtained similarly to those of tin ; GeCL boils at 72° 0 ., GeCl, at 
86° 0. 

Germanous oxide, GeO, is obtained by decomposing GeCl^ with KOH ; it is a 
reducing agent. Germanic oxide, GeO,, is white, and sparingly soluble in water, 
from wHch it may be crystallised ; it functions as an acid oxide. 

GeS„ is a white precipitate obtained by adding H„S to a solution of GeO, in 
HCl or HjSO^. ' In the absence of acid it is somewhat soluble in water. It is 
dissolved by alkali sulphides. When reduced by hot H it yields GeS in dark grey, 
lustrous crystals, decomposed by potash into GeS„, which dissolves, and Ge 
which separates. 

2566. Cerium (Ce=: 140.2). This element is now classed with the elements 
related to tin, but in many respects it resembles those of the aluminium group. 
It occurs chiefly in cerite, which is essentially a silicate of the metal. The 
mineral is opened up by strong sulphuric acid, and the metals, Ce, La, and Di, 
are precipitated from the solution as oxalates. The mixed oxides obtained by 
igniting this precipitate are dissolved in nitric acid, and the solution, after re- 
moval of excess of acid by evaporation, poured into much water, whereupon basip 
cerium nitrate is precipitated. 

The metal is prepared by electrolysing cerous chloride. It is grey, ductile, and 
malleable ; unchanged by dry air, but becomes iridescent in moist air ; its sp. gr. 
is 6.7, and its fusing point between that of Sb and of Ag. Cerium may be kindled 
in air more easily than can magnesium, and burns more brightly ; it is soluble in 
dilute acids, and decomposes cold water slowly. 

Cerium forms two oxides, Ce^Ojand CeO, ; the first is the more basic, but CeO^ 
does not appear to possess acid" properties. The cerous salts (corresponding with 
Ce„03) are colourless and fairly stable, whilst the ceric salts (corresponding with 
Ceb„) are yellow or red, and easily reduced to cerous salts. Only one chloride, 
namely, cerous chloride (CeoClg or CeCy, is known, but ceric fluoride (CeFj) has 
been prepared. 

A red precipitate, stated io he a. peroxide, CeO^, is formed when a cerous salt 
is heated with NH3 and H^Oj. 


LEAD. 

Pb"=207 parts by weight. 

257. Lead owes its usefulness in the metallic state chiefly to its soft- 
ness and fusibility. The former quality allows it to be easily rolled into 
thin sheets and to be drawn into the form of tubes or pipes; it is 
indeed the softest of the metals in common use, and at the same time 
the least tenacious, so that it can only be drawn with difficulty into thin 
wire, and is then very easily broken. The ease with which it makes a 
dark streak upon paper shows how readily minute particles of the metal 
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may be abraded. Its want of elasticity also recommends it for some 
special \ises, as for deadening a sbock or preventing a rebound. 

In fusibility it surpasses all the other metals commonly employed in 
the metallic state, except tin, for it melts at 617° F. (325“ C.), and this 
circumstance, taken in coniunction with its high specific gravity (11.4)) 
particularly adapts it for the manufacture of shot and bullets. For one 
of its extensive uses, however, as a covering for roofs, it would be better 
suited if it were hghter and less fusible, for in case of fire in houses so 
roofed, the fall of the molten lead frequently aggravates the calamity. 
Its resistance to strong acids is turned to account in manufacturing 
chemistry. 

With the exception, perhaps, of the ores of iron, none is more .abun- 
dant in this country than the chief ore of lead, galena, a sulphide of 
lead (PbS). This ore might at the first glance be mistaken for the 
metal itself, from its high specific gi-amty (7.5) and metallic lustre. It 
is found forming extensive veins in Cumberland, Derbyshire, and Corn- 
wall, traversing a limestone rock in the first two counties, and a clay 
slate in the last. Spain also furnishes large supplies of this important 
ore. Galena presents a beautiful crystalline appearance, being often 
found in large isolated cubes, which readily cleave or split up in 
directions parallel to their faces. Blende (sulphide of zinc) and copper 
pyrites (sulphide of copper and iron) are frequently found in the same 
vein with galena, and it is usually associated with quartz (silica), heavy 
• spar (barium sulphate), or fluor spar (calcium fluoride). Considerable 
quantities of sulphide of silver are often present in galena, and in many 
specimens the sulphides of bismuth and antimony are found, 
w Though the sulphide is the most abundant natural combination of 
lead, it is by no means the only form in which this metal is found. The 
metal itself is occasionally met with, though in very small quantity, and 
the carbonate of lead (PbCO^), loMte lead ore or cerussite, forms an im- 
portant ore in the United States and in Spain. The sulphate of lead, 
anglesite (PbSO^), is also found in Australia, and is largely imported into 
this country to be smelted. 

258. The extraction of lead from galena is effected by one of three 
methods, the first of which is the oldest, and is still employed in the 
Flintshire works. 

(i) Advantage is taken of the circumstance that, in the case 
of many metals, when a combination of the metal with oxygen 
is raised to a high temperature in contact with a sulphide of the same 
metal, the oxygen and sulphur unite, and the metal is liberated {self- 
reduction?), thus, PbS -t- 2PbO = Pb^ SO„. Since galena, when heated with 
free access of air, becomes to a great extent oxidised to PbO, it will be 
apparent that the necessary mixture of oxide and sulphide can be 
obtained by roasting the galena for a certain time, nainely, until two- 
thirds of the lead has become oxide. This change cannot be brought 
about, however, without the simultaneous oxidation of some of the PbS 
into lead sulphate (PbSO^) ; fortunately, this is of no consequence, since 
PbS and PbSO^ react with' each other at a high temperature, in accord- 
ance with the equation, PbSO^ -f PbS = Pb^ + zSOj. 

It will now be understood that the essential operations in this 
metallurgical process consist in roasting the ore (PbS) in presence of air 
until a sufficient proportion of it has been oxidised, and in then raising 
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tlie temperature in order that the mixture of PbS, PbO, and PbSO^^ 
produced by the roasting, may I'eact in the sense of the above equa- 
tions. ■ 

The ore, having been separated by mechanical treatment, as far as. 
possible, from the foreign matters' associated with it, is mixed mth a 
small proportion of lime to flux the siliceous matter of the ore, and 
spread over the hearth of a reverberatory furnace (fig. 235), the sides 
of which are considerably inclined towards the centre, so as to form a 
hollow for the reception of the molten lead. 

During the first or roasting stage of the smelting process the tern- . 
perature is kept below that at which galena fuses. The ore is stirred 
from time to time, to expose fresh surfaces to the action of the atmo- 
spheric oxygen. When the roasting is sufficiently advanced, some fuel 
is thrown into the grate, the damper is slightly raised, and the doors ' 
of the furnace are closed, so that the charge may be heated to the tem- 
perature at which the oxide and sulphate of lead act upon the unaltered 
sulphide, furnishing metallic lead. 



During this part of the operation the contents of the hearth are con- 
stantly raked up towards the fire-bridge, so as to facilitate the separa- 
tion of the lead, and to cause it to run down into the hollow provided 
for its reception. It is also found that the separation of the lead from 
the slags is much assisted by occasionally throwing open the doors to 
chill the furnace. After about four hours the charge is reduced to a 
pretty fluid condition, the lead having accumulated at the bottom of 
the depressed portion of the hearth with the slag above it ; this slag 
consists chiefly of the sihcates of lime and of oxide of lead, and would 
have contained a larger proportion of the latter if the lime had not 
been added as a flux at the commencement of the operation. In order 
still further to reduce the quantity of lead in the slag, a few more 
shovelfuls of lime are now thrown into the hearth, together with a 
little small coal, the latter serving to reduce to the metallic state the 
oxide of lead displaced by the lime from its combination with the silica. 
But since silicate of lime is far less fusible than silicate of lead, the 
effect of this addition of lime is to dry up the slags to a semi-solid mass, 
and it will now be seen that if the whole of the hme had been added at 
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■fclie commencement of the smelting, the diminished fusibility of the 
slag would have opposed an obstacle to the separation of the metallic 
lead. 

During the last hour or so the temperature is very considerably 
raised, and at the expiration of about six hours, when the greater por- 
tion of the lead is thought to have sejDarated, the slag is rahed out 
through one of the doors of the furnace, and the melted metal allowed 
to run out through a tap-hole in front of the lowest portion ^of 
the hearth into an iron basin, from which it is ladled into pig- 
moulds. The I’ich slags are worked up again "with a fresh charge of 
ore. 

In the smelting of galena a very considerable quantity of lead is 
carried off in the form of vapour (lead-fume ) ; and in order to con- 
dense this, the gases from the furnace are made to pass through 
flues, the aggregate length of which is sometimes three or four 
miles, before being allowed to escape up the chimney. When these 
flues are swept, many tons of lead ai'e recovered in the forms of 
oxide and sulphide. 




It has lately been asserted that the reactions stated above as being representa- 
tive of the changes which occur in the Flintshire lead-smelting process, have no 
real existence. Instead, it is maintained, the greater part of the S is removed 
directly as SOj, leaving a product containing about 3-5 per cent, of S, which is 
then liquated, "when the greater part of the lead separates, much oxygen being at 
the same time absorbed, and a slag, having 
the composition PbS.PbO, formed. This 
must be thickened with lime and removed 
from the lead to prevent its sulphur from 
passing into the metal. It is also stated that 
a volatile compound, PbS.SO„, is formed in 
the furnace, and is the cause of lead fume. 

The treatment of galena in Bessemer con- 
verters, whereby the same reactions that 
occur in the Flintshire furnace could easily 
be effected, has been suggested. 

(2) Poor lead ores, rich in sihea, are 
roasted until nearly free from sulphur, 
inixed with coke and flux (iron ore and 
lime), and smelted in small blast fur- 
naces ; the lead is thus reduced from its 
oxide by the coke, and the gangue is 
fluxed as ferrous and calcium silicates. 

A small blast furnace for this process is 
shown in fig. 236. Air is supplied to the 
furnace through three blast-pipes (A), and 

the ore and fuel being charged in at B, the 

lead runs into a cavity (C) at the bottom of 
the furnace, whilst the slag fiows over into a 
reservoir (D) outside the furnace. The charge I'ig- 236. 

is sprinkled with water through the rose (E) 

fixed just above the opening into the chimney (P), to prevent it from being blown 
away by the current of air. 



(3) third process for smelting lead ores, mostly adopted on 

the Continent, advantage is taken of the fact that iron Avill desulphurise 
galena at a high temperature; PbS -j- Fe = Pb -f FeS The galena is 
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mixed with scrap iron (or, what comes to the same thing, iron ore' and 
coke), and charged into a small blast furnace. 

259. Some varieties of lead, particularly those smelted from Spanish 
ores, are known as liardj lead, their hardness being chiefly due to the 
presence of antimony; 'and since this hardness interferes materially 
■svith some of the uses of the metal, such lead is generally subjected to 
an improving or calcining process, in which the impurities are oxidised 
and removed, together ■with a portion of the lead, in the dross.^' To 
effect this, 6 or 8 tons of the hard lead are fused in an iron pot (P, 
fig. 237), and transferred to a shallow cast-iron pan (0) measuring about 
10 feet by 5. In this pan, which is set in the hearth of a reverberatory 

furnace^ and is about 8 
inches deep nearest the 
grate, and 9 inches at 
the other end, the lead 
is kept in fusion by the 
flame which traverses it 
from the grate G to the 
flue F, for a period vary - 
ing -with the degree of 
impurity, some specimens 
being found sufiiciently 
soft after a single day’s 
calcination, whilst others 
must be kept in a state 
of fusion for three or 
four weeks. The work- 
man judges of the pro- 
gress of the operation by 
a peculiar flaky crystal- 
line appeai’ance assumed by a small sample on coohng. When suffi- 
• ciently purified, the metal is run off and cast into pigs. 

At fii’st sight it is not intelligible how antimony should be removed 
from lead by calcination, since lead is the more easily oxidised metal. 
The result must be ascribed to the tendency of antimony to form anti- 
monic oxide (SbjOj), Avhich combines with the oxide of lead. The dross 
, (antimonate of lead) formed in this process, when reduced to the metallic 
state, yields an alloy of lead with 30 or 40 per cent, of antimony, which 
is much used for casting type furniture for printers. 

260. Extraction of silver from lead . — The lead extracted from galena 
often contains a sufficient quantity of silver to allow of its being pro- 
fitably extracted. Pre'sdously to the year 1829 this was practicable 
only when the lead contained more than 1 1 ounces of silver per ton, for 
the only pi’ocess then known for effecting the separation of the two 
metals was that of cupellation, which necessitates the conversion of the 
whole of the lead into oxide, which has then to be separated from the 
silver, and again reduced to the metallic state, thus consuming so large 
an amount of labour that a considerable yield of silver must be obtained 

* The following analyses illustrate the percentage composition of hard lead : — 
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to pay for it. By tlie simple and ingenious operation known as Pattin- 
son’s desilvering process, a very large amount of tlie lead can be at once 
separated in the metallic state with little expenditure of labour, thus 
leaving the remainder sufficiently I’ich in the more precious metal to 
defray the cost of the far more expensive process of cupellation, so that 
2 or 3 ounces of silver per ton can bo extracted with profit. Pattinson 
founded his process upon the observation that when lead containing a 
small proportion of silver is melted and allowed to cool, being constantly 
stiiTed, a considerable quantity of the lead separates in the form of 
crystals containing a very minute proportion of silver, almost the whole 
of this metal being left behind in the portion still remaining liquid. 



Eight or ten cast-iron pots, set in brickwork, each capable of holding 
about 6 tons of lead, are placed in a roAv, with a fire-place underneath 
each of them (fig. 238). Suppose that there are ten pots numbered 
consecutively, that on the extreme left of the workman being No.'i, and 
that on his extreme right No. 10. About 6 tons of the lead containing 
silver are melted in pot No. 5, the metal skimmed, and the fire raked 
out from beneath so that the pot may gradually cool, its liquid contents 
being constantly agitated with a long iron stirrer. As the crystals of 
lead form, they are well drained in a perforated ladle (about 10 inches 
wide and 5. inches deep) and transferred to pot No. 4. When about 
■Iths of the metals have thus been removed in the crystals, the portion 
still remaining liquid, which retains the silver, is ladled into pot No. 6, 
and the pot No. 5, which is now empty, is charged with fresh argenti- 
ferous lead to be treated in the same manner. 

When pots Nos. 4 and 6 have received, respectively, a sufficient 
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quantity of the crystals of lead and of the liquid part rich in silver, 
their contents are subjected to a perfectly similar process, the crystals 
of lead being always passed to the left, and the rich argentiferous alloy 
to the right. .As the final result of these operations, the pot ISTo. lo, 
to the extreme right, becomes filled with a rich alloy of lead and sUver, 
sometimes containing 300 ounces of silver to the ton, whilst pot No. i, 
to the extreme left, contains lead in which there is not more than 
^ ounce of silver to the ton. This lead is cast into pigs for the market. 
The ladle used in the above operation is kept hot by a small temp&r pot 
containing melted lead. A fulcrum is provided at the edge of each pot, 
for resting the ladle during the shaking of the crystals to drain off" the 
liquid metal. Any copper present in the lead is also left with the silver 
in the liquid portion.* 

In Parkes' Process for desilvering lead, advantage is taken of the 
fact that fused lead only dissolves a small proportion of zinc, and that 
zinc alloys more readily with silver than does lead, so that when zinc 
(about 2 per cent.) is stirred into molten argentiferous lead, the bulk 

of it speedily rises to the surface 
again, bringing with it the silver 
and some lead. Thus, a di’oss 
consisting of these three metals 
and the oxides of zinc and lead f 
is obtained. This is distilled with 
carbon to recover the zinc, and 
the alloy of lead and silver left 
in the retort is cupelled. The 
desilverised lead is freed from zinc 
by the improving process (p. 422). 

261 . In order to extract the silver 
from the rich alloy, it is subjected to 
a process of refining, or cupellathn, 
which is founded upon the oxidation 
suffered by lead when heated in air, 
and upon the absence of any ten- 
dency on the part of silver to com- 
bine directly with oxygen, so that by 
melting the lead and exposing it to 
a blast of air it may be oxidised, and 
the oxide carried away by the blast, 
leaving, eventually, pure silver on the 
cupel. 

The refinery or cupelling furnace 
(fig. 239) in which this operation is 
Eig. 239. — Cupellation furnace. performed is a reverberatory furnace, 

the hearth of which consists of a cupel 
(C), made by ramming moist powdered bone-ash mixed with a little wood-ash into 
an oval iron frame about 4 inches deep, and provided with four cross-bars at the ' 
bottom, each about 4 inches wide. When this frame has been well filled with 
bone-ash, part of the latter is scooped out, so as to leave the sides about 2 inches 
thick at the top and 3 inches at the bottom, the bone-ash being left about i inch 
thick above the iron cross-bars. 

^he cupel, which is about 4 feet long by 2i feet wide, is fixed so that the flame 
from the grate (G) passes across it into the chimney (B), and at one end, the 

* The employment of a jet of steam for stirring the bath of lead has much reduced the 
time and labour required in the above process. This also removes the copper as oxide, 
and the antimony is carried off in the steam. 

t The addition of a little A 1 diminishes the amount of oxide in the dross. 
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nozzle (N) of a blowing apparatus directs a blast of air over the surface of the 
contents of the cupel. The latter is carefully dried by a graduallj' increasing 
heat, and is then heated to redness ; the alloy of lead and silver, having been pre- 
viously melted in an iron pot (P) fixed by the side of the furnace, is ladled in 
through a gutter until the cupel is nearl}'^ filled with it ; a film of oxide soon 
makes its appearance upon the surface of the lead, aiid is fused-by the high tem- 
perature. When the blast is directed upon the surface, it blows oil this film of 
oxide, and supplies the oxygen for the formation of another film upon the clean 
metallic surface thus exposed. A part of the oxide of lead or litharge thus 
formed is at first absorbed by the porous material of the cupel, but the chief part 
of it is forced by the blast through a channel cut for the purpose in the opposite 
end to that at which the blast enters, and is reeeived, as it issues from A, in an 
iron vessel placed beneath the surface. In jiropoftion as the lead is in^ this 
manner removed from the cupel, fresh portions are supplied from the adjoining 
melting-pot, and the process is continued until about 5 tons of the alloy have 
been added. 

The cupellation is not continued until the whole of the lead has been removed, 
but until only 2 or 3 cwts. of that metal are left in combination with the whole of 
the silver (say 1000 ounces^ contained in the 5 tons of alloy. The metal is run 
through a hole made in the bottom of the cupel, which is then again stopped up, 
so that a fresh charge may he introduced. The fumes of oxide of lead whicn 
are freely evolved during this process are carried olf by a hood and chimney (H) 
situated opposite to the blast of air. 

When three or four charges have been cupelled, so as to yield from 3000 to 
5000 ounces of silver alloyed with 6 or 8 cwts. of lead, the removal of the latter 
metal is completed in another cupel, since some of the silver is carried off with 
the last portions of litharge. The appearances indicating the removal of the last 
portion of lead are very striking ; the surface of the molten metal, which has 
been hitherto tarnished, becomes iridescent as the film of oxide of lead thins off, 
and afterwards resplendently bright, and when the cake of refined silver is 
allowed to cool, it throws up from its surface a variety of fantastic arborescent 
excrescences, caused by the escape of oxygen which has been mechanically 
absorbed by the fused silver, and is given off during solidification. 

The litharge obtained from the cupelling furnaces is reduced to the metallic 
state by mixing it with small coal, and heating it in a furnace similar to that em- 
ployed in smelting galena. 

262. On the small scale, lead may easily be extracted from galena by mixing 300 
grains with 450 grains of dried sodium carbonate and 20 grains of charcoal, intro- 
ducing the mixture into a crucible, and placing in it two tenpenny nails, heads 
downwards. The crucible is covered and heated in a moderate fire for about 


half an hour. (A charcoal 
fire in the small furnace, fig. 
127, page 125, will suffice.) 
The remainder of the nails is 
■carefully removed from the 
liquid mass, which is then 
allowed to cool, the crucible 
broken, and the lead extracted 
and weighed. In this process 
the sulphur of the galena is 
removed, partly by the sodium 
cf the carbonate and partly 
by the iron of the nails, the 




Fig. 240. — Cupel. 


Fig. 241. — Mufile and crucible furnace. 


excess of sodium carbonate serving to flux any silica with which the galena 
may be mixed. 

Or 300 grs. of galena may be mixed with 600 grs. of sodium carbonate and 
200 grs. of nitre (which oxidises the sulphur), and fused for half an hour. 
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To ascertain if it contains silver, the button of lead is placed on a small bone- 
ash cupel (fig. 240), and heated in a mufile (fig. 242), until the whole of the lead is 
oxidised and absorbed into the bone-ash of the cupel, leaving the minute, globule 
of silver. 

A gas mufSe furnace, also capable of being used as a crucible furnace, is 
shown in fig. 241. 

Small globules of lead may be conveniently cupelled on charcoal before the 
blowpipe, by pressing some bone-ash into a cavity scooped in the charcoal, 

placing the lead upon its surface, and exposing it 
to a good oxidising fiame (page 117) as long as it 
decreases in size. If any copper be present, the 
bone-ash will show a green stain after cooling. 
Pure lead gives a yellow stain. 

263. Uses of lead. — The employment of 
this metal for roofing, &c., has been already 
noticed. Its fusibility adapts it for casting 
type for printing, but it would be far too- 
soft for this purpose; accordingly, iype- 
inetal consists of an alloy of 4 parts of lead 
>vith I of antimony. A similar alloy is used 
for the bullets contained in shrapnel shells, 
since bullets of soft lead would be liable to 
be jambed together, and wmuld not scatter 
so well on the explosion of the shell. On 
the other hand, rifle bullets are made of 
very pure soft lead, in order that they may 
more easily take the grooves of the rifle. 

Small shot are made of lead to which 
about 40 lbs. of arsenic per ton has been, 
added. The arsenic dissolves in the lead, 
Fig. 242.— Muffle furnace. hardening it and causing it to form spheri- 

cal drops when chilled. The fluid metal is 
poured through a sort of colander fixed at the top of a lofty tower (or 
at the mouth of a deserted coal shaft),and the minute drops into which the- 
lead is thus divided are allowed to fall into a vessel of water, after having 
been chilled by the air in their descent. They are afterwards sorted, 
and pohshed in revolving barrels containing plumbago. If too little 
arsenic is employed, the shot are elongated or pyriform ; and if the due 
proportion has been exceeded, their form is flattened or lenticular. 

Composition Uibes used by plumbers is made of lead hardened by a 
little antimony. Solder has been already noticed (p. 41 1). 

Leaden vessels are much used in manufacturing chemistry, on account 
of the resistance of this metal to the action of acids. Neither concen- 
trated sulphuric,® hydrochloric, nitric, or hydrofluoric acid will attack 
lead at the ordinary temperature. The best solvent for the metal is 
nitric acid of sp. gr. 1.2, since the nitrate of lead, being insoluble in an 
acid of greater strength, would be deposited upon the metal, which it 
would protect from further action. 

Lead is easily corroded in situations where it is brought in contact 
with air highly charged with carbonic acid gas, when it absorbs oxygen, 
forming oxide of lead, which combines with carbonic acid gas and water 
to produce the basic carbonate of lead, PbC03.Pb(0H)„. The lead of 

* It has been fonnd that pure lead is slowly acted on by sulphuric acid, hydrogen being 
evolved. The presence of a little antimony almost entirely prevents the action. 
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old coffins is often found converted into a white earthy-looking brittle 
mass of basic carbonate, with a very thin film of metallic lead inside it. 
The basic carbonate is formed as a crystalline silky-looking precipitate 
when a piece of clean lead is left in distilled w'ater for a few minutes. ^ 

When lead is exposed to the joint action of air and of the acetic acid 
contained in beer, wine, cider, etc., it becomes converted into acetate of 
lead or sugar of lead, which is very poisonous. Hence the accidents 
arising from the reprehensible practice of sweetening cider by keeping 
it in contact ■with lead, and from the accidental presence, in beer and 
wine bottles, of shot which have been employed in cleansing them. The 
action of water upon leaden cisterns has been already noticed. Contact 
■with air and sea- water soon converts lead into oxide and chloride. 

264. Oxides of lead. — Five compounds of lead with oxygen are 
known — Pb„ 0 , PbO, PbjOg, PbjO^, PbO,. 

Lead mhoocide, or j)l'^'>nhous oxide, PboO, is obtained by heating lead 
oxalate; 2Pb0_,0^ = Pbp + CO -i 3CO,. 'it is a black powder which is 
decomposed by acids, yielding plumbic salts and metallic lead. 

The bright surface of lead soon tarnishes when exposed to the air, 
becoming coated with a dark film, Avhich is believed to consist of sub- 
oxide of lead. In a very finely divided state, lead takes fire when ■thrown 
into the air, and is converted into oxide of lead. 

The lead pyrophorus, for exhibiting the spontaneous combustion of lead, is pre- 
pared by placing some lead tartrate in a glass tube 
closed at one end (fig. 243), drawing the tube out to a 
narrow neck near the open end, and holding it nearly 
horizontally, whilst the lead tartrate is heated ■with a 
gas or spirit flame as long as any fumes are evolved ; 
the neck is then fused ■with a blowpipe flame and drawn 
ofE. Lead tartrate (PbCiH^Og), when heated, leaves a 
mixture of metallic lead with charcoal, which prevents 
the leadfrom fusing into a compact mass. This mixture 
may be preserved unchanged in the tube for any length of 
time ; but when the neck is broken off and the contents 
scattered into the air, they inflame at once, producing 
thick fumes of oxide of lead. Lead tartrate is prepared 
by adding solution of lead acetate to a solution of tar- 
taric acid constantly stirred, as^long as a precipitate is formed. The precipitated 
lead tartrate is collected upon a filter, washed several times, and dried at a gentle 
heat. 

Lead monoxide, or protoxide of lead, PbO, is sometimes found ‘in 
nature, crystallised in rhombic octahedra, and is prepared on a large 
scale by heating lead in air. When the metal is only moderately heated, 
the oxide forms a yellow powder (sp. gr. 9.2), which is known in 
commerce as massicot, but at a higher temperature the oxide melts, and 
on cooling forms a brownish scaly mass, which is called litharge (Xidos, 
stone’, apyvpos, silver). The litharge of commerce often has a red 
colour, caused by the presence of some red oxide of lead ; from i to 3 
per cent, of finely divided metallic lead may also sometimes be found 
in it. When heated to dull redness, litharge assumes a dark brown 
colour, and becomes yellow on cooling. At a bright red heat it fuses, 
and readily attacks clay crucibles, forming a fusible silicate of lead, and 
soon perforating the sides. When boiled with distilled water, PbO is 
dissolved in small quantity, yielding a solution which is decidedly 
alkaline, and becomes turbid when exposed to the air, absorbing 
carbonic acid gas, and depositing lead carbonate. The presence of a small 
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quantity of saline matter in the water hinders the solution of the oxide ; 
but organic matter, and especially sugar, favours it. Oxide of lead is a 
powerful base, and has a strong tendency to form basic salts. Hot 
solutions of potash and soda dissolve it readily, and deposit it in pink 
crystals on coohng ; according to some, such solutions contain sodium 
or potassium plumhite, K^PbOj. 

Litharge, from its easy combination with silica at a high temperature, 
is much used in the manufacture of glass and in glazing earthenware. 
The assayer also employs it as a flux. A mixture of litharge with lime 
is sometimes applied to the hair, which it dyes of a purplish-black colour, 
due to the formation of lead sulphide from the sulphur existing in hair. 
Dhil mastic, used by builders in repairing stone, is a mixture of i part 
of massicot with lo parts of brick-dust, and enough linseed oil to form 
a paste ; it sets into a very hard mass, which is probably due partly to 
the formation of lead silicate, and partly to the drying of the linseed 
oil by oxidation favoured by the oxide of lead. 

Lead sesquioxide, Pb^Og, is obtained as a yellow precipitate by dis- 
solving PbO in caustic soda and adding sodium hypochlorite. Cold 
HOI dissolves it to a yellow liquid, which slowly evolves chlorine. 
Nitric acid partly dissolves it, leaving a brown residue of PbOj. Heat 
converts it into PbO. 

Red lead, or minium, PbgO^, is prepared by heating massicot in air to 
about 600° P. (316° 0 .), when it absorbs oxygen, and becomes con- 
verted into red lead. The massicot for this purpose is prepared by 
heating lead in a reverberatory furnace to a temperature insufficient to 
fuse the oxide which is formed, and rejecting the first portions, which 
contain iron, cobalt, and other metals more easily oxidisable than lead, 
as well as the last, which contain copper and silver, less easily oxidised 
than lead. The intermediate product is ground to a fine powder and 
suspended in water ; the coarser particles are thus separated from the 
finer, which are dried, and heated on iron trays placed in a reverbera- 
tory furnace, till the requisite colour has been obtained. Minium is 
largely used in the manufacture of glass, whence it is necessary that it 
should be free from the oxides of iron, copper, cobalt, <fec., which would 
colour the glass. It is also employed as a common red mineral colour, 
and in the manufacture of lucifer matches. Red lead becomes dark 
brown when heated, and regains its original colour when cooled. 

When minium is treated with dilute nitric acid, lead nitrate, Pb(N03)2, 
is obtained in solution, and peroxide of lead (PbO,) is left as a brown 
powder, showing that minium is probably a compound of the oxide and 
peroxide of lead. The minium obtained by heating massicot in air till no 
further increase of weight is observed, has the composition 2Pb0.Pb02 
or PbgOj, which would appear to represent pure minium ; commercial 
minium, however, has more frequently a composition corresponding with 
3Pb0.Pb02, but when this is treated with potash, PbO is dissolved out, 
and aPbO.PbOg remains. Minium evolves oxygen at a red heat, becoming 
PbO : hence the necessity for keeping the temperature below 600° P. 
(316° C.) during its preparation. Hydrochloric acid, heated with minium, 
evolves chlorine by reaction with the PbO, contained in it, and leaves the 
white sparingly soluble PbOlg formed from the PbO contained in the 
PbgO^ . A mixture of dilute nitric acid and sugar, or some other oxidisable 
body, will dissolve minium entii’ely as Pb(N03)2. Glacial acetic acid 
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dissolves miniutQ. witliout evolution o£ guSj to u colourless liquid, wliicli 
deposits PbO„ when exposed to air, or evaporated, or diluted ; a liot satu- 
rated solution deposits colourless crystals of had Utr acetate Pb(C2H302)4 
on cooling. 

Peroxide, or dioxide, ov puce oxide of lead, PbOg, is found rathe mineral 
kingdom as heavy lead ore, forming black, lustrous, six-sided prisms. ^ It 
may be prepared from red lead by boiling it, in fine powder, with nitric 
acid, diluted with five measures of water, washing and drying. The 
dioxide of lead easily imparts oxygen to other substances ; sulphur, mixed 
Avith six times its weight of PbO,, may be ignited by friction ; hence this 
oxide is a common ingredient in lucifer-match compositions. Its oxidis- 
ing property is frequently turned to account in the laboratory ; foi” 
example, in absoi’bing sulphur dioxide from gaseous mixtures by con- 
verting it into sulphate of lead ; PbO, SO, = PbSO^. Dioxide of lead is 
not dissolved by dilute acids, and has no basic properties, although certain 
salts of the type PbX^ are known ; it is even sometimes called plumbic 
anhydride, for it acts upon potassium hydroxide, yielding potassium plum- 
bate (K2Pb03.3lI,0), which has been crystallised from an alkaline solu- 
tion, but is decomposed by pure water.* Lead dioxide evolves 01 
from HCl when heated, and gives, at first, a brown solution (containing 
PbClJ which yields a brown precipitate with ammonia, but if the 
solution he boiled till all the 01 is expelled, it becomes colourless PbOlj, 
and gives a white precipitate Avith ammonia. PbO is converted into 
PbOj by ozone and by hydrogen peroxide. 

Lead hyd/i'oxide, Pb(OH),, has not been obtained, but Pb(OH)„.PbO 
is formed as a white precipitate Avhen air and water, free from 00 „, 
attack lead. The same substance is precipitated by alkalies from 
solutions of lead salts. It becomes PbO Avhen heated to 145° 0 . The 
compound Pb(OH),.2PbO crystallises in octahedra from a solution of 
basic lead acetate mixed with ammonia. 

. iea(imirafe,Pb(N03)j, crystallises in white octahedra from a solution 
of lead or its oxide in dilute nitric acid. It dissolves easily in Avater, 
but not in nitric acid or in alcohol. It is employed in dyeing and 
calico-printing. Several sparingly soluble basic lead nitrates are knoAvn. 
When digested with water and metallic lead, the nitrate gives a 
yelloAv solution, Avhich deposits yellow scaly crystals of the compound 
Pb.OH.lsO3.Pb.OH.NO,,. 

265. Lead cas'honate, PbCOj, is found in nature, as cerussite, in trans- 
parent rhombic crystals isomorphous Avith aragonite. It may he preci- 
pitated by mixing solutions of ammonium carbonate and lead acetate, 
or by passing 00 , into a weak solution of lead acetate. Potassium and 
sodium carbonates precipitate basic lead carbonates. 

White lead, or ceruse, is a basic carbonate, or combination of lead carbon- 
ate, PbCOj, with Amriable proportions of lead hydroxide, Pb(OH)j. This 
substance is a constant productof thecorroswe action of air and water upon 
the metal. Its formation is, of course, very much encouraged by the pre- 
sence of organic matters in a state of decay, Avhich evolve carbonic acid gas. 

* Advantage is taken of the tendency for PbO to absorb 0 when heated with an alkait 
in Kas<tncr's ori/yen process. A mixture of CaO and PbO is heated in air, CaPbOg being 
produced. ^ This is heated (below 100° G.)in COo, when it becomes CaCOg and PbO-^;* 
the latter is then made to part with half its oxygen by a red heat, after which the CaOO- 
is causticised by being heated in a current of steam. The mixture of CaO and PbO thus 
regenerated is put through the same cycle of operations. 
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White lead is manufactured on the large scale by' several processes, 
which depend, however, upon the same principle, namely, the formation 
of a basic lead salt, which is subsequently decomposed by OOj. The 
chemistry of the commonest process may be stated as follows; lead 
oxide, PbO, with acetic acid, yields lead acetate Pb(C2H30j)„, 

conveniently written PbAj. This combines with lead hydroxide, form- 
ing basic lead acetate, PbA2.2Pb(0H)2. This is decomposed by carbonic 
acid gas, yielding basic lead carbonate and normal lead acetate ; 

3[Pb A,. 2Pb(0H)J -F CO, = 2[2PbC03.Pb(0H)_,] + sPbA, + 4H,0. The 
normal acetate, in contact with lead, atmospheric oxygen, and water 
is converted into the basic acetate ; PbA, + Pb, + O, + 211,0 = 
PbA2.2Pb(OH), ; this is again acted on by CO,, and the process is con- 
tinuous. To efiect these changes lead is exposed to the simultaneous 
action of air, water vapour, carbon dioxide, and acetic acid vap.our. 

In the oldest process (still used to make the best pigment), commonly known as 
the Dutch process, metallic lead, in the form of square gratings cast from the 
purest lead, is placed over earthen pots containing a small quantity of common 
vinegar ; a number of these pots being built up into heaps, together with alternate 
layers of dung or spent tan, the heaps are entirely covered up with the same 
material. The metal is thus exposed to conditions most favourable to its oxida- 
tion, viz., a very warm and moist atmosphere produced by the fermentation of the 
organic matters composing the heap, and the presence of a large quantity of acid 
vapour generated from the acetic acid of the vinegar. The lead is therefore soon 
converted into oxide, a portion of which unites with the acetic acid to form the 
tribasic acetate of lead, which is then decomposed by the carbonic acid gas, 
evolved from the fermenting dung or tan, yielding carbonate of lead, which 
combines with another portion of the oxide of lead and water to form the white 
lead. The neutral acetate of lead' left after the removal of the oxide of lead from 
the tribasic acetate, is now ready to take up an additional quantity of the oxide, 
and the process is thus continued until, in the course of a few weeks, the lead has 
become coated with a very thick crust of white lead ; the heaps are then destroyed, 
the crqst detached, washed to remove adhering acetate of lead, ground to a 
paste with water, and dried. Rolled lead is not so easily converted as cast lead. 

Other processes for making white lead are too numerous to receive notice here. 

The usual composition of white lead is expressed by the formula . 
Pb(0B[)2.2PbC03, though other basic carbonates of lead are often mixed 
■with it. 

■White lead being very poisonous, its use by painters and others is 
generally attended with symptom^ of lead poisoning, arising in many 
cases, probably, from neglecting to wash the hands before eating, the 
effect of lead being cumulative^ so that minute doses may show- their 
combined action after many days. Diluted sulphuric acid and solutions 
of the sulphates of magnesia and the alkalies are sometimes taken 
internally to counteract its effect ; they are of doubtful efficacy. 

All paints containing lead, and cards glazed with white lead, are 
blackened even by minute quantities of sulphuretted hydrogen, from 
the production of black sulphide of lead. If the blackened surface 
remain exposed to the light and air, it is bleached again, the sulphide 
• of lead (PbS) being oxidised and converted into white sulphate of lead 
(PbSOj, but this does not take place in the dark. A little sulphide of 
lead or powdered charcoal is sometimes mixed with commercial white 
dead to give it a bluish tint. It is probable that white lead owes a 
part of its value in oil-painting to the formation of a lead-salt with the 
fatty acid. Its “ covering ” power is due to its amorphous character. 
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Avhicli renders it completely opaque. Pure -wliite lead is easily soluble 
in acetic and dilute nitric acids. 

Lead mlplmte, PbSO^, is found naturally as anglesite or lead vitriol, 
in transparent rhombic prisms (sp. gr. 6.3) isomorpbous with celestine 
and heavy spar, and is obtained as a heavy granular precipitate when 
sulphuric acid is added to a salt of lead. Stirring much promotes the 
precipitation. Lead sulphate is very slightly soluble in water, and even 
less so in dilute sulphuric acid and in alcohol. It is soluble in strong 
sulphuric and hydrochloric acids, in sodium chloride and thiosulphate, 
and in ammonium acetate and tartrate. At a red heat it fuses without 
decomposition. 

An acid lead sulphate, PbH„(SO<)2-Aq, has been crystallised. The minerals 
lanarldte and leadliillite are compounds of sulphate and carbonate of lead, 
PbS04(PbC03)„.H„0. The chromates of lead have been already noticed. 

Lead phosphate, Pb3(P04)„, and arsenate, associated with lead chloride and 
•carbonate, are found in certain minerals. ° 

266. Lead chloride (PbCL=2 vols.) forms the mineral termed horn lead. It is 
one of the few chlorides which are not readily soluble in water, and is precipitated 
when hydrochloric acid or a soluble chloride is added to a solution of lead. 
Boiling water dissolves about j^j-th of its weight of lead chloride, and deposits it 
in beautiful shining white needles on cooling. Cold water dissolves about y^th 
of its weight. It fuses easily (498° C.) and solidifies again to a horny mass, like 
fused silver chloride. It is converted into vapour at a high temperature. Lead 
chloride dissolves easily in strong HCl, and is precipitated by water. The solution 
of lead chloride in water is precipitated by adding strong HCl ; hence, a dilute 
HCl solution, when cold, retains very little lead chloride. Like silver chloride, 
lead chloride is soluble in sodium thiosulphate. 

The lead oxychloride (PbCIj.PbO) is formed when lead chloride is heated in air, 
and occurs in nature as matlocJcite. Fattinson's oxychloride, PbCl.OH, is sometimes 
employed as a substitute for white lead in painting, being prepared for this 
purpose by decomposing finely powdered galena with concentrated hydrochloric 
acid (PbS + 2HCl=PbCL + H2S), washing the resulting lead chloride with cold 
water, dissolving it in hot water, and adding lime-water, which precipitates the 
oxychloride ; 2PbCL -f- Ca(OH )2 = 2PbCl(0H) -t- CaClj. 

Cassel yelloio (Paris yellow, patent yellow, mineral yellow) is another oxychloride 
of lead (PbCL.yPbO), prepared by heating a mixture of litharge and sal-ammoniac. 
It has a fine golden-yellow colour, is easily fused, and crystallises in octahedra on 
cooling. Turner’s yellow, PbCL. 3PbO, is made by allowing a strong solution of 
NaCl to react with PbO. The mineral mendipite is an oxychloride of lead 
(PbCL.aPbO) which occurs in colourless prismatic crystals. 

Lead tetrachloride, PbCb, probably exists in the brown solution of PbOj in cold 
HCL It gives a brown precipitate of PbO when diluted. \ 

Lead chlordbromide (PbBrCl) has been found in crystals resembling lead 
chloride among the furbace-products in smelting lead carbonate ore. 

Lead iodide (Pbl„) is obtained as a bright yellow precipitate on mixing solutions 
of nitrate or acetate of lead and potassium iodide. If it be allowed to settle, the 
liquid poured off, and the precipitate dissolved in boiling water (with one or two 
drops of hydrochloric acid), it forms a colourless solution, depositing golden 
scales as it cools. 

Hydriodic acid converts metallic lead into Pbl„. Like mercuric iodide, Pblj 
dissolves in the alkaline iodides. When heated, it becomes red, then black, fuses, 
and becomes a yellow crystalline mass on cooling, 

267. Sulphides of head. — Lead sulphide, PbS, is found as galena 
(p. 4x9). It fuses when strongly heated, and vaporises in a current of 
gas, condensing in small crystals. When heated in air, it is converted 
into a mixture of PbO and PbSO^. Strong HOI dissolves it when 
heated, evolving HoS. Nitric acid dissolves it partly as lead nitrate, 
leaving some undissolved lead sulphate mixed with sulphur. Lead 
sulphide is obtained as a black precipitate when hydrosulphuric acid or 



432 


THALLIUM. 


a soluble sulphide acts upon a solution containing lead, even in minute 
proportion. 

A •persulphide of lead, the composition of "which has not been ascertained, is 
formed as a red precipitate -when a solution of lead is mixed "with a solution of an 
alkaline sulphide saturated -with sulphur (or "with solution of ammonium sulphide 
which has been kept till it has acquired a red colour). It is probably PbSj. 

Lead chlorosidphide (PbS.PbCL) is obtained as a bright red precipitate when 
hydrosulphuric acid is added in small quantity to a solution of lead chloride in 
hydrochloric acid, or when freshly precipitated PbS is heated with solution of 
PbCL. It is decomposed by hot water. 

Lead selenide (PbSe) occurs associated with the sulphide in some lead ores ; it 
much resembles galena, and has the same crystalline form. 

T'ifi group of metals . — This group comprises Ti, Zr, Ce, Th, Ge, Sn and 
Pb. These metals belong to the group of elements "which includes 0 and 
Si, the higher salt-forming oxide being PO^, which in most cases behaves 
as a feeble acid oxide, resembling CO, and SiO,. Their tetrafluorides , 
have a tendency to combine with the alkali fluorides to form compounds 
which recall the salts of hydrofluosilicic acid, and their tetrachlorides form 
similar double salts Avith alkali chlorides(e.g'.,2NH^01.Pb01^,2KCl.Sn01^), 
Avhich resemble the double chlorides formed by metals of the platinum 
group. 

. 268. Thalli"DM (T 1 = 204 parts by weight). — The discovery of this metal in 1861 
was one of the first results of the application of the new method of testing by 
observation of coloured lines in the spectrum of a flame, described at p. 303. 
Crookes was examining the spectrum obtained by holding in the flame of a 
Bunsen burner the deposit formed in the flues of a sulphuric acid chamber, in 
which pyrites was employed as the source of sulphur. A green line made. its 
appearance in the spectrum, which a less acute and practised observer might 
have mistaken for one of the lines caused by barium (see fig. 213), with which it 
nearly coincidesin position ; but the line was much brighter than that produced 
by barium, and on instituting a searching analysis of the deposit, a metal was ^ 
obtained which did not agree in properties with any hitherto described, and was 
named thallium from 6aXX6j, a young shoot, in allusion to the vernal green colour 
of its spectrum line. It has since been detected in several mineral "waters ; but 
the pyrites obtained from Spain and Belgium appears to be its best source. From 
the flue-dust of the sulphuric acid chambers the metal is extracted by a simple 
process, but large quantities must be operated on to obtain any considerable 
amount. The deposit is treated with boiling water, and the solution mixed 
with much strong hydrochloric acid, which precipitates the thallium as thallous 
chloride (TlCl) ; this is converted into acid thallous sulphate (TlHSOj) by treat- 
ment with sulphuric acid, and this salt having been purified by recrystallisation, 
is decomposed by zinc, which precipitates metallic thallium in a spongy form, 
fusible into a compact mass in an atmosphere of coal gas. 

Thallium is now classed with the metals of the aluminium group (p. 354), 
although it differs considerably from these in the stability of its lower oxide TLO. 

In external characters thallium is very similar to lead (sp. gr. ii.S; m. p. 
290° C. ; volatile below 800° C.) ; but it tarnishes much more rapidly when ex- 
posed to air, and the streak which it makes on paper soon becomes yellowish, 
being converted into thallous oxide, TLO. If a tarnished piece of the metal be 
allowed to touch the tongue, a strongly alkaline taste is perceived, for the thallous 
omde (TLO) is very soluble in water, so that the tarnished metal becomes bright 
when immersed in water. If granulated thallium be exposed to moist air in a warm 
place, it absorbs oxygen and carbonic acid gas. On boiling with water and 
filtering, the alkaline solution deposits white needles of thallous carlonate 
(TLCO,), and afterwards yellow needles of thallous hydroxide (TlOH); The ready 
solubility of the oxide seemed to require thallium to be classed among the alkali- 
metals, a -view which was encouraged by the circumstance that its specific heat 
proved it to be monatomic, like potassium and sodium. But thallium appears to 
be more nearly related to another monatomic metal, silver, by the sparing 
solubility of its chloride and the insolubility of its sulphide. The circumstance 
that it may be kept unaltered in water, and may be precipitated from its salts by 
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zinc, at once removes it from the group of alkali-metals. The ready solubility of 
its oxide in water is only an exaggeration of the behsiviour of the oxides of lead 
and silver, both of which dissolve slightly in water, yielding alkaline solutions. 
Moreover, its hydroxide is far less stable than those of potassium and sodiurn, 
for it becomes TL,0 when dried in vacuo over oil of vitriol.^ Diluted sulphuric 
acid acts upon thallium as upon zinc, evolving hydrogen. It is not much affected 
by diluted nitric acid in thC' cold ; even on heating, the action is slow unless the 
acid is very weak. On cooling, the solution becomes filled with needles of 
tliallons nitrate. Thallium burns in oxygen with a beautiful green flame, and the 
thallous chlorate has been recommended for the manufacture of green fires in 
place of barium chlorate (see page iSi). 

Thallous sulphate, ThSOj, is obtained by dissolving thallium in sulphuric acid 
and evaporating ; the acid sulphate, TIHSO4, first produced, being decomposed 
by further heating. TLSO^is isomorphous with ILSOii and it forms thallous alum, 
TlAl(S04)2.i2Aq, crystallising like potash-alum. Thallous chloride, TlCl, resembles 
lead chloride, being precipitated by adding HCl to a solution of a thallous salt, 
and being dissolved by boiling water, from which it crystallises on cooling. 
Thallous iodide, Til, is obtained as a yellow precipitate on adding potassium 
iodide to a thallous salt ; when dried and heated, it fuses to a red liquid, which 
remains red after solidifying, and changes, after a time, to yellow.^ When spread 
on paper, the yeUow iodide becomes red when heated, and remains red on cool- 
ing, but becomes yellow when rubbed with a hard body. Thallous sulphide, ThS, 
is deposited as a brownish-black precipitate on adding ammonium sulphide to a 
thallous salt. Thallic oxide, ThOj, is obtained by adding sodium hypochlorite to 
thallous chloride mixed with excess of sodium carbonate. It is a dark red sub- 
stance, which evolves oxygen and leaves thallous oxide when heated. It is alsp 
a basic oxide, its sulphate having the composition Tl„(S04)3.H„0.6Aq. Thallic 
chloride, TICI3, is formed by heating thallium in excess of chlorine ; it is soluble 
and crystallisable. By passing Cl through a solution of KOH in which TLOj is 
suspended, a liquid is obtained which gives a violet precipitate with barium 
salts ; this precipitate is alleged to contain TlOo. 

Salts of thallium, like those of lead, are poisonous. 


COPPER. 

Cu"= 63,6 parts by weight. 

269. Metallic copper is met with in nature more abundantly than 
metallic iron, though the compounds of the latter metal are of more 
frequent occm’rence tlian those of the former.* A very important vein 
of metallic copper, of excellent quality, occurs near Lake Superior, in 
North America, from which 6000 tons were ex:tracted in 1858. Metallic 
copper is also sometimes found in Cornwall, apd copper sand, containing 
metallic copper and quartz, is imported from Chili. 

Orbs of copber. — The most important English ore of copper is copper 
piyu'ites, which is a double sulphide, containing copper, iron, and sulphur 
in the proportions indicated by the formula OujS.Fe^Sj. It may be 
known by its beautiful brass-yellow colour and metallic lustre. Copper 
pyrites is found in Cornwall and Devonshire, and is generally associated 
■with arsenical pyrites (FeS,.EeAs,), tin-stone (SnO^), quartz, fluor spar, 
and clay. Avery attractive variety of copper pyrites is called variegated 
copper ore, or peacock copper, in allusion to its rainbow colours; its 
simplest formula is CugFeSj. This variety is found in Cornwall and 
Killarney. 

* Copper is not at all frequently found in animals or vegetables ; but Church has made 
the remarkable observation that the red colouring matter Quracine) of the feathers of the 
plantain-eater (touracd) contains as much as 7 per cent, of copper. It has also been 
louud in the blood of the cuttle-fish, as Jicemocyanin, which is blue in its oxidised condi- 
tion in the arterial blood, and colourless in the venous blood. 

2'E 
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Copper glance (Cu^S) is another Cornish ore of copper, of a dark grey- 
colour and feehle metallic lustre. 

Grey copper ore, also abundant in Corn-wall, is essentially a compound 
of the sulphides of copper and iron with those of antimony and arsenic, 
but it often contains sil-ver, lead, zinc, and sometimes mercury. 

Malachite, a basic carbonate of copper, is imported from Australia 
(Burra Burra), and is also found abundantly in Siberia. Green mala- 
chite, the most beautifully veined ornamental variety, has the composi- 
tion CuC03.Cu( 0H)„, and blue malachite is 2CuC03.Cu(0H)„. 

Bed copper ore (CujO) is found in West Cornwall, and the "black oxide 
(CuO) is abundan-t in the north of Chili. 

270. The seat of English copper-smelting is at Swansea, which is 
situated in convenient proximity to the bituminous coal employed in the 
furnaces. The chemical process by which copper is exti’acted from the 
ore includes three distinct operations — (i) the roasting, to expel the 
arsenic and part of the sulphur, and to convert the sulphide of iron into 
oxide of h’on, the copper remaining as sulphide; (2) the fusmg with 
silica, to remove the oxide of iron as silicate, and to obtain the copper in 
combination -with sulphur only ; and (3) the roasting of this combination 
of copper with sulphur, in order to expel the latter and obtain metallic 
copper by the process of self-reduction, Cu^S -f 2 CuO = Cu^ -I- SOj. 

The details of the smelting process appear somewhat complicated, 
because it is divided into several stages to allow of the introduction of 
the different varieties of ore to be treated. Thus, the first roasting 
process is unnecessary for the oxides and carbonates of copper, and 
the fusion with silica is not needed for those ores which are free from 
iron, so that they may be introduced at a later stage in the operations. 

The processes could be reduced in number if the original ore -were a pure 
copper pyrites, but since the ores as -w-orked always contain a larger proportion of 
iron and sulphur than copper pyrites does, the first two operations are designed 
to produce a material (coarse metal) which shall be, in effect, a pure copper pyrites. 

(i) Calcining ox roasting the ore to expel arsenic and part of the sulphur . — The 
ores ha-sdng been sorted, and broken into small pieces, are mixed so as to contain 

from 8 to 10 per cent, of copper, and roasted, 
in quantities of about three tons, for at least 
1 twelve hours, on the spacious hearth (H, fig. 

244) of a reverberatory furnace (fig. 84, p. 95) at 
a temperature insufficient for fusion, being occa- 
sionally stirred to expose them freely to the 
action of the air, which is admitted into the 
furnace through an opening (0) in the side 
of the hearth upon which the ore is spread. 
The oxygen of the air converts a part of the 
sulphur into S 0 „, and the bulk of the As into 
As^Op which passes off in the form of vapour. 
A part of the sulphide of iron is converted into 
ferrous sulphate (FeSOJ by absorbing oxygen 
at an early stage of the process, and this sul- 
phate is afterwards decomposed at a higher temperature, evoMng S 0 „ and SO,, 
and leaving oxide of iron. A portion of the sulphide of copper is also converted 
into oxide of copper during the roasting, so that the roasted ore consists essen- 
tially of a mixture of oxide and sulphide of copper with oxide and sulphide of 
iron. Since the sulphide of iron is more easily oxidised than sulphide of copper, 
the greater part of the latter remains unaltered in the roasted ore. 

During the roasting of copper ore dense white fumes escape from the furnaces. 
This copper smoke, as it is termed, contains As^O,, SO^, SO,, and HF, the latter 
being derived from the fiuor spar associated with the ore ; if allowed to escape. 
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these fumes seriously contaminate the air in the neighbourhood, so that they are 
usually condensed in flues and ram-cJiambefs by showers of water. 

(2) Fusion for coarse metal to remove the oxide of iron hi/ dissolving it icith silica 
at a high temperature. — The roasted ore is now mixed with metal slag from 
process 4, and with ores containing silica and oxides of copper, but no sulphur ; the 
mixture is introduced into the ore furnace (fig. 245) (the hearth of which is made 
narrower than that of the roasting furnace, since a higher temperature is required) 
and fused for five hours at a higher 
temperaturethan thatemployed in the 
previous operation. In this process 
fluor spar is sometimes added in order 
to increase the fluidity of the slag. 

The oxide of copper attacks the sul- 
phide of iron still contained in the 
roasted ore, with formation of sul- 
phide of copper and oxide of iron, but 
since there is more sulphide of iron 
present than the oxide of copper can 
decompose, the excess of sulphide of 
iron combines with the sulphide of 
copper to form a fusible compound, 
which separates from the slag,and col- 
lects in the form of a matte or regulus 
of coarse metal, in a cavity (C) on the 
hearth of the furnace : it is run out 
into a tank of water (T) in order to 
granulate it, so that it may be better 
fitted to undergo the next operation. 

The oxide of iron combines with 
the silica contained in the charge, 
to' form a fusible ferrous silicate 
{ore-furnace slag), which is raked out 
into moulds of sand, and cast into 

blocks used for rough building purposes in the neighbourhood. 

The composition of the coarse metal corresponds pretty closely with the 
formula CuFeS„, It contains from 33 to 35 per cent, of copper ; whilst the 
original ore, before roasting, fs usually sorted so that it may contain about 8.5 
per cent. 

The ore-furnace slag is approximately represented by the formula F'eO.SiO„ ; 
but it contains a minute proportion of copper, as is shown by the green efflores- 
cence on the walls in which it is used around Swansea. Fragments of quartz are 
seen disseminated through this slag. 

(3) ’ Calcination of the coarsemetal to convert the greater part of the sidphide of iron 
into oxide. — The granulated coarse metal is roasted at a moderate temperature 
for twenty-four hours, as in the first operation, so that the oxygen of the air may 
decompose the sulphide of iron, removing the sulphur as sulphurous acid, and 
leaving the iron in the form of oxide. 

(4) Fusion for tohite metal to remove the ichole of the iron as silicate. — ^The roasted 
coarse metal is mixed with roaster and refinery slags from processes 5 and 6, and 
with ores containing carbonates and oxides of copper, and fused for six hours, as 
in the second operation. Any sulphide of iron which was left unchanged in the 
roasting is now converted into oxide of iron by the oxide of copper, the latter 
metal taking the sulphur. The whole of the oxide of iron combines with the 
silica to form a fusible slag, the composition of which is approximately repre- 
sented by the formula 3Fe0.2Si0„. 

The matte or regulus of ivhite metal, which collects beneath the slag, is nearly 
pure cuprous sulphide (CmS). The white metal is run into sand-moulds 
and cast into ingots. The tin and other foreign metals usually collect in 
the lower part of the ingot, so that, for making best selected capper, the 
upper part is broken off and worked separately, the inferior copper obtained 
fronii the lower part of the ingot being termed tile-copper. The ingots of 
white metal often contain beautiful tufts of metallic copper in the form of 
copper moss. 

The slag separated from the white metal {metal slag) is much more fluid than 



Fig. 245. 
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the ore-furnace slag, and contains so much silicate of copper that it is preserved 
for use in the melting for coarse metal. 

(5) Roasting the ivhite metal to remove the siiljyhur and obtain blister cojyper. — The 
ingots of white metal (to the amount of about 3 tons) are placed upon. the hearth 
of a reverberatory furnace, and heated for four hours to a temperature just below 
fusion, so that they may be oxidised at the surface, the sulphur passing off as 
sulphurous acid gas, and the copper being converted into oxide. During this 
roasting the greater part of the arsenic, generally present in the fine metal, is 
expelled as As^O^. The temperature is then raised, so that the charge may be 
completely fused, after which it is lowered again till the twelfth hour. The 
oxide of copper now acts upon the sulphide of copper to form metallic Copper and 
sulphurous acid gas, which escapes, with violent ebullition, from the melted mass; 
Cu„S-f 2Cu0 = S0„-f Cu.,. When this ebullition ceases, the temperature is again 
raised so as to cause the complete separation of the copper from the slag, and the 
metal is run out into moulds of sand. Its name of blister copper is derived from 
the appearance caused by the escape of the last portions of SO._, from the metal 
when solidifying in the mould. 

The slag (roaster slag) is formed in this operation by the combination of a 
part of the oxide of copper with silica derived from the sand adhering to 
the ingots, and from the hearth of the furnace. The slag also contains the 
silicates of iron and of other metals, such as tin and lead, which might have 
been contained in the white metal. This slag is used again in the melting for 
white metal. 

(6) Refining to remove foreign metals. — This process consists in slowly fusing 
7 or 8 tons of the blister copper in a reverberatory furnace, so that the air 
passing through the furnace may remove any remaining sulphur as sulphurous 
acid gas, and may oxidise the small quantities of iron, tin, lead, &c., present 
in the metal. Of course, a large proportion of the copper is oxidised at the 
same time, and the cuprous oxide, together with the oxides of the foreign 
metals, combine with the silica (from the hearth or from adhering sand), to 
form a slag which collects upon the surface of the melted copper.* A portion 
of the cuprous oxide is dissolved by the metallic copper, rendering it brittle 
or dry copper. 

(7) Toughening err poling to remove a part of the oxygen and bring the copper to 
tough-pitch. — After about twenty hours the slag is skimmed from the metal, a 
quantity of anthracite is thrown over the surface to prevent further oxidation, 
and the metal is poled— i.e., stirred with a pole of young wood — until a small 
sample, removed for examination, presents a peculiar silky fracture, indicating it 
to be at tough-pitch, when it is cast into ingots. 

The chemical change during the poling appears to consist in the removal of 
the oxygen contained in the cuprous oxide present in the metal, by the reducing 
action of the combustible gases disengaged from the wood. The presence of a 
small proportion of cuprous oxide is said to confer greater toughness upon the 
metal, so that if the poling be continued until the whole of the oxygen is 
removed, over-poled copper of lower tenacity is obtained. On the other hand, 
the brittleness of under-poled copper is due to the presence of cuprous oxide 
in too large proportion. Tough-cake copper is that which has been poled to the 
proper extent. 

The addition of about 0.07 per cent, of phosphorus, as copper phosphide, before 
the final poling, shortens the process and increases the density of the metal. 
The copper phosphide is made by dissolving about 7 per cent, of phosphorus in 
melted copper. 

When the copper is intended for rolling, a small quantity (not exceeding J per 
cent.) of lead is generally added to it before it is ladled into the ingot moulds. 
Apparently the oxide of lead formed by the action of the air assists in removing 
some of the impurities in the form of slag [scorification). 

The chemical changes which take place during the above processes will be 
more clearly understood after inspecting the subjoined table, which exhibits 
the composition of the products obtained at different stages of the process, 
these being distinguished by the same numerals as were employed in the above 
description. 

• When the removal of arsenic, which forms an acid oxide, is specially desired, it is 
advantageous to line the hearth with a basic material, such as that used in the basic steel 
processes. 
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Produois obtained in smelting Ores of Cojyp^r. 


In 100 parts. 

Ore. 

Roasted 

Ore. 

Coarse 

Metal. 

Soasted 

Coarse 

Metal. 

White 

Metal. 

Blister 

Copper. 

defined 

Copper. 

Tough- 

pitch 

Copper. 

Copper 

Iron 

, Sulphur 

Oxygen 

1 Silica 

8.2 

17.9 

19.9 

I.O 

34-3 

(I) 

S.6 

17.6 

12.5 

4-5 

34-3 

(2) 

33-7 

33-6 

29.2 

(3) 

33-7 

33-6 

13-0 

II. 0 

(4) 

77-4 

0.7 

21.0 

( 5 ) 

98.0 

0-5 

0.2 

(6) 

99-4 

trace 

trace 

0.4 

(7) 

99.6 

trace 

trace 

0.03 

Slags. 


■ 




■ 

; Oxide of iron (FeO) .... 

Suboxide of copper (Cu„0) 

! Silica 

(2) 

54*0 

0.5 

4S-0 

... 

(4) 

56.0 

0.9 

33-8 

(s) 

28.0 

16.9 

47-5 

(6) 

3-1 

39-2 

47.4 



Blue metal is the term applied to the regulas of white metal (from process 4) 
when it still contains a considerable proportion of snlphide of iron, in con- 
sequence of a deficient supply of oxide of copper in the furnace. Pimple metal is 
obtained in the .same operation when the oxide of copper is in excess, so that a 
portion of the copper is reduced, as in process Sj with evolution of sulphurous 
acid gas, which produces the pimply appearance in escaping. The reduced copper 
gives a reddish colour to the pimple copper. Coarse, or hlticlt copper is a similar 
intermediate stage between white metal and blistered copper. Tile copper is 
that extracted from the bottoms of the ingots of white metal, when the tops 
have been detached for making best select copper. Bosette or rose copper is 
obtained by running water upon the toughened metal, so as to enable the metal 
to be removed in films. Anglesta or Jfoiia copper is a very tough copper, reduced 
by metallic iron from the Uue water of the copper mines, which contains sulphate 
of copper. 

The application of the Bessemer converter to the refining of blister copper has 
been attempted, but the impurities to be oxidised are incapable of giving, by their 
oombustion, a temperature sufiSciently high to keep the copper in fusion. The 
converter is, however, employed on the Continent for the conversion of fused 
white metal into blister copper, there being sufficient sulphur in the white metal 
to yield a temperature high enough to maintain the fusion of the copper. 

I'or the extraction of copper from poor ores (3 per cent. Cu) a wet 
'method is generally adopted. This is rendered economically possible by 
the fact that when moist copper sulphide is exposed to the air* it 
becomes oxidised to copper sulphate, which may be dissolved in water. 
The recovery of the copper from* the solution is effected by the intro- 
duction of pig-iron, when this metal takes the place of the copper 
which is precipitated, CuSO^ -h Fe = EeSO^ -1- Cu. The copper precipitate 
thus obtained is melted and refined. Electrolytic deposition of the 
copper from the solution is also pi-actised. 

Two other methods of dissolving the copper sulphide from the ore are employed. 
In the one, the ore is treated with a solution of a ferric salt containing common 
salt. The former converts the Cu^S of the ore into CUjCIo, which is dissolved by 
the solution of salt ; pu„S + Fe„Clo=2FeGl„+Cu„CL+S. The dissolved copper is 
then precipitated by iron. In the second method '(applied to the spent pyrites of 
the vitriol works, p. 222) the ore is submitted to a cldorinatiny roasting — that is to 
say, it is ground, mixed with NaCl and roasted 5 tbe copper sulphide is thus 
converted, first into sulphate by the roasting, and then into chloride by double 

'' The ore is exposed in heaps, kept constantly moist. 





438 - IMPUEITIES IN COPPER. 

decomposition with the salt. The copper chloride is leached out and the copper 
is precipitated by iron. 

The crude blister copper or jn'^oipntate copper obtained by the above 
processes is now largely refined by electrolysis. ‘ For this purpose the 
metal is cast into plates which are suspended in a bath of copper 
sulphate solution, acid with H^SO^, and are made the anodes, the cathodes 
being thin sheets of pure copper. When a current (0.2 volt pressure) 
is passed through the solution from a dynamo, the anodes dissolve 
and the copper is deposited on the cathodes. 

The copper refined in this manner is almost chemically pure, but 
requires remelting before being hammered or rolled, on account of the 
crystalline condition in which it is deposited. In this process the gold, 
silver, and other metals (except iron, which passes into solution), which 
may be present in the blister copper, remain in the tanks in the form 
of a fine mud. 

271. For the purpose of illustration, copper may be extracted from copper 
pyrites on the small scale in the following manner : 

zoo grains of the powdered ore are mixed with an equal weight of dried borax, 
and fused in a covered earthen crucible (of about 8 oz. capacity), at a full red 
heat for about half an hour. The earthy matters associated with the ore are 
dissolved by the borax, and the pure copper pyrites collects at the bottom of the 
crucible. The contents of the latter are poured into an iron mould (scorifying 
mould, fig. 246), and when the mass has set, it is dipped into water. The semi- 
metallic button is then easily detached from the slag by a gentle blow ; it is 
weighed, finely powdered in an iron mortar, and introduced into an earthen, 

crucible, which is placed obliquely 
over a dull fire, so that it may not 
become hot enough to fuse the ore, 
which should be stirred occasionally 
with an iron rod to promote the oxi- 
dation of the sulphur by the air. 
When the odour of SOj is no longer 
perceptible, the crucible is placed in 
a Fletcher’s injector furnace (fig. 232), 
Fig. 246. and exposed for a few minutes to a 

bright red heat, in order to decom- 
pose the sulphates of iron and copper. When no more wRite fumes of SO3 are per- 
ceived, the crucible is lifted from the furnace, held over the iron mortar, and the 
roasted ore quickly scraped out of it with a steel spatula. This mixture of the 
oxides of copper and iron is reduced to a fine powder, mixed with 600 grains of 
dried carbonate of soda and 60 grains of powdered charcoal, returned to the same 
crucible, covered with 200 grains of dried borax, and again heated in the furnace 
for 'twenty minutes. The crucible is then allowed to cool, and carefully broken 
to extract the button of metallic copper, which is weighed to ascertain the 
amount contained in the original ore. 

272. Effect of impurities upon the quality of cop)per. — The information 
possessed by chemists upon this subject is still very limited. It has been 
already mentioned that the presence of a small proportion of cuprous 
oxide in commercial copper is found to increase its toughness. It is 
believed that copper, perfectly free from metallic impurities, is not im- 
proved in quality by the presence of the oxide, but that this substance 
has the efiect of counteracting the red-shortness (see p. 369) of com- 
mercial copper, caused by the presence of foreign metals. 

SuljyJiur, even in minute proportion, appears seriously to injure the 
malleability of copper. Arsenic is almost invariably present in copper, 
very frequently amounting to o.i per cent., and does not appear to 
exercise any injurious influence in this proportion; indeed, its presence 
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is sometimes stated to increase tlie malleability and tenacity of the 
metal. Phosphorus is not usually found in the copper of commerce. 
When purposely added in quantity varying from 0.12 to 0.5 per cent., 
it is found to increase the hardness and tenacity of the copper, though 
rendering it somewhat red-short. 

Tin, in minute proportion, is also said to increase the toughness of 
copper, though any considerable proportion renders it brittle. Anti- 
mony is a very objectionable impurity, and is by no means uncommon 
in samples of copper. Nickel is believed to harden copper in which it 
p occurs. Bismuth and silver are very generally found in marketable 
copper, but their effect upon its quality has not been clearly deter- 
mined. All impurities appear to affect the malleability and tenacity 
of copper more perceptibly at high than at low temperatures. 

The conducting power of copper for electricity is affected in an extra- 
ordinary degree by the presence of impurities. Thus, if the conducting 
power of chemically pure copper be represented by 100, that of the very 
pure native copper from Lake Superior has been found to be 93, that of 
the copper extracted from the malachite of the Burra Burra mines in 
South Australia was 89, whilst that of Spanish copper, remarkable for 
containing much arsenic, was only 14. 

Copper can be obtained in octahedral crystals. When copper sul- 
phate is heated with a very strong solution of sugar, crystalline copper 
is deposited. 

273. Peoperties of copper. — The most prominent character which 
confers upon copper so high a rank among the useful metals is its malle- 
ability, which allows it to be readily fashioned under the hammer, and 
to be beaten or rolled out into thin sheets ; among the metals in ordinary 
use, only gold and silver exceed copper in malleability, and the com- 
parative scarcity of those metals leads to the application of copper for 
most pm’poses where great malleability is requisite. 

Although, in tenacity or strength, copper ranks next to iron, it is still 
very far inferior to it, for a copper wire of -jV^h inch in diameter will 
support only 468 lbs., while a similar iron wire will carry 705 lbs. with- 
out breaking ; and, in consequence of its inferior tenacity, copper is less 
ductile than iron, and does not admit of being so readily drawn into 
exceedingly thin wires. 

The comparative ease with which copper may be fused allows it to be 
cast much more readily than iron ; for it will be I’emembered that the 
latter metal can be liquefied only by the highest attainable furnace heat, 
whereas copper can be fused at about 1050° 0., a temperature generally 
spoken of as a bright red heat. 

^ As being one of the most sonorous of metals, copper has been, from 
time immemorial, employed in the construction of bells and musical 
instruments. The readiness with which it transmits electricity is 
turned to account in telegraphic communication, its conducting power 
being almost equal to that of silver, which is the best of electric con- 
ductors. In conducting power for heat, copper is surpassed only by 
silver and gold. 

Copper is not so hard as iron, and is somewhat heavier, the specific 
gravity of cast copper being 8.92, and that of hammered or drawn 
copper 8.95. 

The resistance of copper to the chemical action of moist air gives it a 
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great advantage over iron for many uses, and the circumstance that it 
does not decompose water in presence of dilute sulphuric acid enables it 
to be employed as the negative plate in galvanic couples. 

Nitric acid is the best solvent for copper, but the presence of nitrous 
acid seems to be necessary for the attack of the copper (see p. 146). 
Hydrochloric acid attacks it in presence of oxidising agents. 

274. Effect of sea-water upon copper. — ^When copper is placed in a 
solution of salt in water, no perceptible action takes place ; but in the 
course of time, if the air be allowed access, it becomes covered with a 
green coating of oxychloride of copper (Cu01,.30u0.4H20), the action 
probably consisting, first, in the conversion of the copper into oxide by 
the air, and afterwards in the decomposition of the oxide by the sodium 
chloride; 4OUO + 2 NaCl 4 -H ,0 = CuC]2.30u0 + 2Na0H. The surface 
of the copper is thus corroded, and in the case of a copper-bottomed 
ship, the action of sea-water not only occasions a great waste of copper, 
but roughens the surface of the sheathing, and affords points of attach- 
ment to barnacles, <tc., which injure the speed of the vessel. Many 
attempts have been made to obviate this inconvenience. Zinc has been 
fastened here and there to the outside of the copper, placing the latter 
in an electro-negative condition ; the copper has been coated with various 
compositions, but with very indifferent success. Muntz •metal, or yelloio 
sheathing, or malleable brass, an alloy of 3 parts of copper and 2 parts 
of zinc, has been employed with some advantage in place of copper, for 
it is very much cheaper and somewhat less easily corroded; but the 
difficulty is by no means overcome. Copper containing about 0.5 per 
cent, of phosphorus is said to be corroded by sea-water much less easily 
than is pure copper. 

275. Danger attending the use of copper vessels in coohing food. — The 
use of copper for culinary vessels has occasionally led to serious conse- 
quences, from the poisonous nature of its compounds, and from ignorance 
of the conditions under which these compounds are formed. A perfectly ' 
clean surface of metallic copper is not affected by any of the substances 
employed in the preparation of food, but if the metal has been allowed 
to remain exposed to the action of the air, it becomes covered with a film 
of oxide of copper, and this subsequently combines with water and car- 
bonic acid gas derived from the air to produce a basic carbonate of 
copper,* which, becoming dissolved or mixed with the food prepared in 
these vessels, confers upon it a poisonous character. This danger may 
be avoided by the use of vessels which are perfectly clean and bright, 
but even from these certain articles of food may become contaminated 
with copper, for this metal is more likely to be oxidised by the air 
when in contact with acids (vinegar, juices of fruits, ifec.), or Avith fatty 
'matters, or even with common salt; and if oxide of copper be once formed, 
it will be readily dissolved by such substances. Hence it is usual to coat 
the intei-ior of copper vessels with tin, which is able to resist the action 
of the air, even in the presence of acids and saline matters. 

276. Useful alloys of copper with other metals. — Copper forms 
a greater number of useful alloys than any other metal. Those of 
copper with tin (gun-metal and bronze) have been already noticed 
(pp. 411,412). With from one-third to one-half its weight of zinc, copper 
forms h'ass, much harder than copper, and capable of being hammered 

* Often erroneously called verdigris, which is really a basic acetate of copper. 
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into thin leaves as a substitute for gold. The most important alloys of 
which copper is a predominant constituent are the following : — 

Brass— 64 copper, 36 zinc (sp. gr. 8.3). _ 

Muntz metal — 60 to 64 copper, 40 to 36 zinc (sp. gr. 8.2). 

German silver — 61 copper, 19.5 zinc, 19. S_ nickel. ^ 

Aich or Gedge’s metal — 60 copper, 38.2 zinc, i.S iron. 

Sterro-metal — 55 copper, 42.4 zinc, 2.6 iron. 

BeU metal — 78 copper, 22 tin. 

Speculum metal — 66.6 copper, 33.4 tin. 

Bronze— 85 copper, 10 tin, 5 zinc. 

Gun metal— 90.5 copper, 9.5 tin (sp. gr. 8.5). 

Bronze coinage — 95 copper, i zinc, 4 tin. 

Aluminium bronze — 90 copper, 10 aluminium. 

Brass is made by melting copper in a crucible, and adding rather more 
than half its weight of zinc. An alloy containing 32 per cent, of copper 
and 68 per cent, of zinc would correspond with the formula Zn^Cu, which 
is the only compound of Cu with Zn which has been isolated j thus 
•ordinary brass may be regarded as a solidified solution of this compound 
in copper. A small quantity of tin is added to brass intended for 
door-plates, which renders the engraving much easier. When it has to 
be turned or filed, about 2 per cent, of lead is usually added to it, in 
order to prevent it from adhering to the tools employed. Brass cannot 
be melted without losing a portion of its zinc in the form of vapour. 
When exposed to frequent vibration (as in the suspending chains of 
■chandeliers), it suffers an alteration in structure and becomes extremely 
brittle. The solder used by braziers consists of equal weights of copper 
and zinc. In order to prevent ornamental brass-work from being tar- 
nished by the action of air, it is either lacquered or bronzed. Lacquering 
consists simply in varnishing the brass with a solution of shellac in spirit, 
coloured with dragon’s blood. Bronzing is effected by applying a solution 
‘of arsenic or mercury, or platinum, to the surface of the brass. By the 
action of arsenious oxide dissolved in hydrochloric acid, upon brass, the 
latter acquires a coating composed of arsenic and copper, which imparts 
a- bronzed appearance, the zinc being dissolved in place of the arsenic, 
which combines with the copper at the surface. A mixture of corrosive 
sublimate (mercuric chloride HgCl^) and acetic acid is also sometimes 
■employed, when the mercury is displaced by the zinc, .and precipitated 
upon the surface of the brass, with which it foi’ms a bronze-like amalgam. 
Bor bronzing 'brass instruments, such as theodolites, levels, &c., a solution 
of chloride of platinum is employed, the zinc of the brass precipitating 
a very durable film of metalhc platinum upon its surface (PtOl, Zn, = 
Pt + 2ZnCl,). 

Aich metal is a kind of brass containing iron, and has been employed for cannon, 
•on account of its great strength. At a red heat it is very malleable. 

^ Sterro-metal (o-reppds,^ strong) is another variety of brass containing iron and 
tin, said to have been discovered accidentally in making brass with the alloy of 
xinc and iron obtained during the process of making galvanised iron (page 339). 
It possesses great strength and elasticity, and is used by engineers for the pumps 
■of hydraulic presses. 

Aluminium bronze has been already noticed. 

A very hard white alloy of 77' parts of Zn, 17 of Sn, and 6 of Cu, has been 
■employed for the bearings of the driving-wheels of locomotives. 

Other hearing allogs consist of copper, tin, lead alloys (e.g., Cu 76.8, Sn 8.0, Pb 
15.0, P 0.2), and of lead, tin antimony, zinc and copper alloys {e.g., white metals, 
such as Pb 40, Sn 45.5, Sb 13, Cu 1.5). 
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Iron and steel are coated witli a closely adherent film of copper, hy placing 
them in contact with metallic zinc in an alkaline solution of oxide of copper, 
prepared by mixing sulphate of copper with tartrate of potash and soda, and 
caustic soda. The copper is thus precipitated upon the iron hy slow voltaic 
action, the zinc being the attacked metal. By adding a solution of stannate of 
soda to the alkaline copper solution, a deposit of bronze may be obtained. 

277. Oxides of copper. — Two oxides of copper are well known in 
the separate state, viz., tlie suboxide, Ou^O, and the oxide, CuO. 
Another oxide, Cu^O, has been obtained in a hydrated state, and there 
is some evidence of the existence of an acid oxide, CuO^. 

The hlach oxide of copper {cupric oxide), CuO, is employed by the 
chemist in the ultimate analysis of organic substances by combustion, 
being prepared for this purpose by acting upon copper with nitric 
acid to convert it into cupric nitrate (page 146), and heating this 
to dull redness in a rough vessel made of sheet copper, when it leaves 
the black oxide (sp. gr. 6.3) ; Cu(N03),= 2NO, + O + CuO. At a higher 
temperature the oxide fuses into a very hard mass ; it evolves very little 
oxygen when strongly heated. Oxide of copper absorbs water easily 
from the air, but it is not dissolved by water ; acids, however, dissolve it, 
forming the salts of copper, whence the use of oil of vitriol and nitric 
acid for cleansing the tarnished surface of copper ; a blackened coin, 
for example, immersed in strong nitric acid, and thoroughly washed, 
becomes as bright as when freshly coined. Silica dissolves oxide of 
copper at a high temperature, forming cupric silicate, which is taken 
advantage of in producing a fine green colour in glass. 

Red oxide or suboxide of copper (puprous oxide), CUjO, is found crys- 
talHsed in regular octahedra, and is formed when copper is heated in 
air, that portion of the copper-scale which is in contact with the air 
becoming CuO, while that in contact with the metal is Cu^O. It is 
made by heating a mixture of 5 parts of the black oxide with 4 parts 
of copper filings in a closed crucible. It may also be prepared by boil- 
ing a solution of cupric sulphate with a solution containing sodium 
sulphite and sodium carbonate in equal quantities, when the cuprous 
oxide is precipitated as a reddish-yellow powder, which should be 
washed, by decantation, with boiled water — 

aCuSO^ + 2 Na,C 03 + NaBO, = Cu^O + sNaBO^ + 200„. 

Cu ,0 is precipitated in minute octahedral crystals when solution of 
OuSO^ mixed with glucose is boiled with excess of potash. 

Cuprous oxide is a feeble base, but its salts are not easily obtained 
by direct action of acids, for these generally decompose it into metallic 
copper and cupric oxide, yielding cupric salts. In the moist state it is 
slowly oxidised by the air. Ammonia dissolves cuprous oxide, forming 
a solution which is perfectly colourless until it is allowed to come into 
contact with air, when it assumes a fine blue colour, becoming converted 
into an ammoniacal solution of cupric oxide. If the blue solution be 
placed in a stoppered bottle (quite filled with it) with a strip of clean 
copper, it will gradually become colourless, the cupric oxide being again 
reduced to cuprous- oxide, a portion of the copper being dissolved. 
When copper filings are shaken with ammonia in a bottle of air, the 
same blue solution is obtained (compare p. 141). If the blue solution be 
poured into a large quantity of water, a light blue precipitate of cupric 
hydroxide is obtained. The ammoniacal solution of cupric oxide has the 
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unusual property of dissolving paper, cotton, tow, and otlier varieties of 
cellulose, this substance being reprecipitated from the solution on adding 
an acid. 

Cuprous oxide, added to glass, imparts to it a fine red colour, which 
is turned to account by the glass-maker. 

Quadrant oxide of copper, CujO, has been obtained in combination with water' 
by the action of stannous chloride and potash upon a cupric salt. _ 

Ouprous hydride, Cu^Ho, is precipitated when cupric sulphate is heated with 
hypophosphorous acid"; or a strong solution of cupric sulphate ma,y be strongly 
acidified with dilute sulphuric acid, solution of sodium hypophosphite added, and 
heated till a brown precipitate forms ; this is the hydride, which must not be 
further heated, as it is decomposed into its elements at 60° C. HCl dissolves it 
easily, with brisk effervescence from escape of H, and formation of a colourless 
solution of cuprous chloride, Cu„H„ + 2HCl=:Cu„Cl2 + 2H2. 

This reaction is regarded as supporting the belief that tw'o atoms of H unite to 
form a molecule. 

Ouprous hydrate, 4CUJO.H2O, is obtained as a yellow precipitate when a solution 
of a cuprous salt is added to excess of KOH. If air be excluded, it may be dried 
at 100° 0 . without decomposition. Air oxidises it to cupric hydrate. With NHj 
ikbehaves like cuprous oxide. 

Cupric hydroxide, Cu(0H)2, is obtained as a blue precipitate when potash or 
soda is added to a cupric salt. When boiled in the liquid, it becomes black CuO, 
but if it be allowed to dry over sulphuric acid, it may be heated to 100“ 0. with- 
out decomposition. Its solubility in ammonia and the properties of the solution 
have been noticed above. In the presence of tartaric acid, sugar, and many other 
organic substances, cupric hydroxide dissolves in caustic potash and soda, form- 
ing dark blue solutions. The paint known as hlue verditer is cupric hydroxide 
obtained by decomposing cupric nitrate with calcium hydroxide. 

Cupric acid is believed to be formed when metallic copper is fused with nitre 
anS caustic potash, and when Cu(0H)2 is digested with HjO„. The mass from 
the former reaction yields a blue solution containing KjOudi^ in water, which 
is very easily decomposed with evolution of oxygen and "precipitation of cupric 
oxide. The existence of an unstable oxide of copper, containing more than one 
atom of oxygen, is also rendered probable by the circumstance that oxide of 
copper acts like manganese dioxide in facilitating the disengagement of oxygen 
from potassium chlorate by heat (page 38). 

Cuprous nitride, CugNj, is formed by passing ammonia over precipitated OuO at 
250° C. It is a dark green powder which decomposes at a high temperature, 
evolving heat. 

Cupric nitrate, 0u(N03)j.3Aq, crystallises in blue prisms from a solu- 
tion of copper in nitric acid. It is deliquescent and soluble in water 
and alcohol. When heated to 65° 0 ., it becomes a green basic nitrate, 
0u(N03)j.3Cu( 0H)2. Cupric nitrate is used as an oxidising agent in 
dyeing and calico-printing. Cupric ammonio-nitrate, Cu(N03)2.4NH3, 
is deposited in dark blue crystals from a mixtime of cupric nitrate 
with excess of ammonia. 

278. Szdphate of copper, or cupric sulphate. — The beautiful prismatic 
crystals knowm as hlue vitriol, hlue stone, hlue copperas, or sulphate of 
copper, have been already mentioned as foi’med from the residue in the 
prepai’ation of sulphurous acid gas (p. 216), by dissolving copper 
in oil of vitriol, a process which is occasionally employed for the 
manufacture of this salt. A considerable supply of the sulphate is 
obtained as a secondaiy product in the process of silver-refining (p. 227). 

The sulphate of copper is also manufactui’ed by roasting copper 
pj'rites (CUjFejS^) with free access of air, when it becomes partly 
converted into a mixture of cupric sulphate with ferrous sulphate ; 
Cu„Fe2S^-}-0,5=2FeS0^-l-2CuS0^. The ferrous sulphate, however, is 
decomposed by the heat, leaving fei’ric oxide (see j^age 229). When 
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the roasted mass is treated with water, the feri-ic oxide is left undis- 
solved, hut the cupric sulphate, which withstands a higher temperature 
than ferrous sulphate does, enters into solution, and may be obtained in 
ci-ystals by evaporation. 

Since ferrous sulphate and 'cupric sulphate are isomorphous, they 
crystallise together (v.i.), and can be separated only by converting the 
ferrous into ferric sulphate by an oxidising agent such as nitric acid. 

The crystals, as they are found in commerce, are usually opaque, but 
if they are dissolved in hot water and allowed to crystallise slowly, they 
become perfectly transparent, and have then the composition expressed 
by the formula CuS0^.5H,0 (sp. gr. 2.28). If the crystals be heated to 
the temperature of boiling water, they lose four-fifths of their water, and 
crumble down to a gi-eyish-white powder, which has the composition 
OuSO^.HgO, and if this be moistened mth water, it becomes very hot, 
and resumes its original blue colour. The whitish opacity of the ordi- 
nary crystals of blue stone is due to the absence of a portion of the 
water of ci-ystallisation. The fifth molecule of water can be expelled 
only at a temperature of nearly 200° C., and is therefore generally 
called water of constitution (see page 49), the formula of the crystals 
being then written CuS0^.H„0.4Aq. The crystals dissolve in 2.5 parts 
' of cold and 0.5 part of boiling water. The solution reddens litmus. 

The sulphate of copper is largely employed by the dyer and calico- 
printer, and in the manufacture of pigments. It is also occasionally 
used in medicine, in the electrotype process, and in galvanic batteries. 
In agriculture it is found useful as a preservative, wheat which is to be 
sown being steeped in a solution of it to protect the grain from the 
attack of smut. 

When ammonia is added to solution of cupric sulphate, a basic sul- 
phate is first precipitated, which is dissolved by an excess of ammonia 
to a dark blue liquid. On allowing this to evaporate, dark blue crystals 
of ammonio-cupric sulphate, CuSOj.4NIIg.II3O, are deposited. They lose 
their ammonia when exposed to the air. 

A basic cupric sulpihate, CuSOj.3Cu(OH)2.Aq, is found as hrochantite. 

Sulphate of copper cannot easily be separated by crystallisation from 
the sulphates of iron, zinc, and magnesium, because it forms double salts 
with them, which contain, like those sulphates, seven molecules of 
water, and are isomorphous with magnesium sulphate (unless the OuSOj 
is the predominant constituent, when the salts contain five molecules of 
■ water and are isomorphous with cupric sulphate). An instance of this 
is seen in the black vit/riol obtained from the mother-liquor of the 
sulphate of copper at Mansfeld, and forming bluish-black crystals 
isomorphous \vith green vitriol, FeS0j,7H30. The formula of black vitriol 
may be written [CuMgFeMnCoNi]SOj.7H20, the six isomorphous metals 
being interchangeable without altering the general character of the salt. 

'Cupric arsenite {Sclieele's green), CuHAsOj, has been noticed at page 261. It is 
a yellowish-green powder, insoluble in water, but easily soluble in acids and 
alkalies. Its solution in potash has a dark blue colour, and deposits cuprous 
oxide when boiled, potassium arsenate being produced. Emerald green has also 
been noticed (page 262). 

The basic cupric phosphates compose the minerals tagilite and lihethenite. 

The basic cupric carlonates have been noticed as forming the very beautiful 
minerals blue malachite, azurite, or chessylite, and green malachite. 

jlii7icraZ ^'ree/!, CuC03.Cu( 0H)„, has the same composition as green malachite, 
and is prepared by mixing hot solutions of sodium carbonate and cupric sulphate. 
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When boiled in the liquid, it is gradually converted into black oxide of copper. 
The green deposit formed on old copper by exposure to air has the same compo- 

The blue precipitate produced in cupric solutions by alkaline carbonates in the 
cold is CuC 03 .Cu( 0 H)„.Aq. _ / 

Cupric silicates are found in the minerals dioptase, or emerald copper, and chry- 
socolfa, CuHoSiOj.HoO. 

279. Chlorides of copper. — ^The chloride of copper {cujiric chloride), 
OuOh, is produced by the direct union of its elements, when it forms a 
broivn mass, which fuses easily, and is decomposed into chlorine and 
cuprous chloride, the latter being afterwards converted into vapour. 
When dissolved in water, it gives a solution which is green when con- 
centrated, and becomes blue on dilution. The hydrated cupric chloride 
is readily prepared by dissolving the black oxide in hot hydrochloric 
acid, and allowing the solution to crystallise ; it forms green needle-like 
crystals (CuCl,.2H20) which become blue when dried in vacuo. A 
solution of chloride of copper in alcohol burns with a splendid green 
flame, and the chloride imparts a similar colour to a gas flame. 

Oxychlm'ide of copper (CuCl,.3Cu0.4H20) is found at Atacama in 
prismatic crystals, and is called atacamite. The paint Brunswich green 
has the same composition, and is made by moistening copper with 
solution of hydrochloric acid or sal-ammoniac, and exposing it to the 
air in order that it may absorb oxygen ; Cu^ -f 2HCI + 3H2O + 0 ^ = 
CuC1,.3Cu 0.4H20. It is also made by boiling cupric sulphate with 
chloride of limei The Brunswick green of the shops frequently consists 
of a mixture of Prussian blue, chromate of lead, and barium sulphate. 

Subchloride of copper [cuprous chloride), Cuj 01 „ ( = 2 vols.), is formed 
as a sublimate when copper is heated in HOI gas. It is also produced 
when fine copper turnings are shaken with strong hydrochloric acid in 
a bottle of air; 0 u„ -k 2HOI -t - 0 == Cu^Clj -I H^O. The cuprous chloride 
dissolves in the excess of hydrochloric acid, forming a brown solution, 
from which water precipitates it white, for this is one of the few chlorides 
insoluble in water. When exposed to light, it assumes a purplish-grey 
tint. A copper plate dipped into a strong neutral solution of cupric 
chloride acquires a thin coating of cuprous chloride upon which photo- 
graphs may be taken. Cuprous chloride may be prepared as described 
on p. loi. If the solution in HOI be moderately diluted and set aside, 
it deposits tetrahedral crystals of cuprous chloride. Ammonia (free from 
air) dissolves cuprous chloride to a colourless liquid, which becomes dark 
blue by contact vdth air, absorbing oxygen; it is used as a test for 
acetylene (p. loi). The solution may be preserved in a colourless state 
by keeping it in a well-stoppered bottle, quite full, with strips of clean 
copper. When copper, in a finely divided state, is boiled with solution 
of ammonium chloride, the solution deposits colourless crystals of the salt, 
Cu 2C1.(NH3)2. If the solution of this salt be exposed to the air, blue 
crystals are deposited, having the formula Cu,Cl,.0uCl2.4NH3.H20, and 
on further exposure, a compound of this last salt with ammonium chloride 
is deposited. The solution of cuprous chloride in hydrochloric acid is 
employed for absorbing carbonic oxide in the analysis of gaseous mixtures. 
When this solution is exposed to air it absorbs oxygen, and deposits cupric 
oxychloride. A strong solution of ammonium or sodium or potassium 
chloride readily dissolves the cuprous chloride, even in the cold, forming 
soluble double chlorides, such as GujCl^ 4KCI. The solution in potassium 



446 


SULPHIDES OF COPPEE. 


chloride does not absorb oxjgen quite so easily as that in ammonium 
chloride. 

Gwprous iodide, Cu,I,, is a very insoluble white precipitate formed 
when a mixture of cupric and ferrous sulphates is added to the solution 
of an iodide; 20 uS 0 ^ + 2FeS04 + 2KI = Cu,l2 + Fe2(S0j3 + K'jS 0 ^. It 
is also precipitated, together with iodine, when cupric sulphate is added 
to an iodide ; 20uS0^ + 4KI = Cu^Ij + Ij + 2K,S0^. 

280. Sulphides op copper. — Copper has a very marked attraction for 
sulphur, even at the ordinary temperature. A bright surface of copper 
soon becomes tarnished by contact with sulphur, and hydrosulphuric acid 
blackens the metal. Finely divided copper and sulphur combine slowly 
at the ordinary temperature, and when heated together, they combine 
with combustion. A thick copper wire burns easily in vapour of sulphur 
(page 210). Copper is even partly converted into sulphides when boiled 
with sulphuric acid, as in the preparation of sulphurous acid gas. This 
great attraction of copper for sulphur is taken advantage of in the pro- 
cess of hexnel roasting for extracting the copper from pyrites containing 
as little as i per cent, of the metal. The pyrites is roasted in large heaps 
(page 206) for several weeks, when a great part of the iron is converted 
into peroxide, and the copper remains combined with sulphur, forming 
a hard kernel in the centre of the lumps of ore. This kernel contains 
about 5 per cent, of copper, and can be smelted with economy. Children 
are employed to detach the kernel from the shell, which consists of 
ferric oxide mixed with a little cupric sulphate, which is washed out with 
water. 

The subsulphide of copper, or cuprous sulphide (Cu^S), has been men- 
tioned among the ores of copper and among the furnace products in 
smelting, when it is sometimes obtained in octahedral crystals. It is 
formed when HjS is passed over red-hot OuO, and when coal-gas is 
passed over red-hot CuS. It is not attacked by hydrochloric acid, but 
nitric acid dissolves it readily. Copper pyrites is believed to contain 
the copper in the form of cuprous sulphide, its true formula being 
CUjS.Fe^Sg for if the copper be present as cupric sulphide, CuS, the 
iron must be present as ferrous sulphide, and the mineral would have 
the formula CuS.FeS. Now, FeS is easily attacked by dilute sulphuric 
or hydrochloric acid, which is not the case with copper pyrites. Nitric 
acid, however, attacks it violently. 

Sulphide of copper, or cupric sulphide (CuS), occurs in nature as indigo 
copper or blue copper, and may be obtained as a black precipitate by the 
action of 'hydrosulphuric acid upon solution of cupric sulphate. When 
this precipitate is boiled with sulphur and ammonium sulphide, it is 
dissolved in small quantity, and the solution on cooling deposits fine 
scarlet needles containing a higher sulphide of copper combined with 
sulphide of ammonium. When copper and sulphur are heated together 
in atomic proportions to a temperature below the boiling-point of sulphur 
(448° C.), CuS is produced ; but at a higher temperature this is con- 
verted into CujS. Pentasulphide of copper (CuS^) is obtained by decom- 
posing cupric sulphate with potassium pentasulphide ; it forms ' a black 
precipitate distinguished from the other sulphides of copper by its solu- 
bility in potassium carbonate. The sulphides of copper, when exposed 

• Crystals of CuoS.FeoSs are obtained by sbaldng faintly ammoniacal Ou^Olo solution 
■with KjS.FeoSa. 
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to air in the presence of water, are slowly oxidised and converted into 
cupric sulphate, which is dissolved by the water. It appears to be in 
this way that the blue water of the copper mines is formed. By 
thoroughly washing CuS with dil. 11,80^ and then with water, it can he 
made to pass into solution, but it is immediately precipitated by saline 
matter. 

Phosphide of copper, cupric phosphide (Cu^P,), obtained as a black powder by 
boiling solution of cupric sulphate with pho’sphorus, or by passing PHj into a 
solution of CuSO^, has been already mentioned as a convenient source of phosphine. 
Another phosphide, obtained by passing vapour of phosphorus over finely divided 
copper at a high temperature, is employed in Abel’s composition for magneto- 
electric fuzes, in conjunction with Cu.S and KCIO3. Phosphide of copper em- 
ployed for toughening commercial copper is made by running melted copper into 
a conical iron crucible lined with loam, at the bottom of which are placed sticks 
of phosphorus which have been coated with copper by soaking them in cold solu- 
tion of CuSOj. 

Silicon may be made to unite with copper by strongly heating finely divided 
copper with silica and charcoal. A bronze-like mass is thus obtained containing 
about 5 per cent. Si. It is said to rival iron in ductility and tenacity, and fuses 
at about the same temperature as bronze. 

V SILVER. 

Ag'= 107.92 parts by weight. 

281. In silver we meet with the first metal hitherto considered which 
is not capable of undergoing oxidation in the air, and this, in conjunc- 
tion "with its beautiful appearance, occasions its manifold ornamental 
uses, which are much favoured also by the great malleability and duc- 
tility of this metal (in which it I’anks only second to gold), for the 
former property enables it to be rolled out into thin plates or leaves, so 
that a small quantity of silver suffices to cover a large surface, whilst 
its ductility permits the wire-draAver to produce that extremely thin 
silver wh’e Avhich is employed in the manufacture of silver lace. 

Silver, although pretty widely diffused, is found in comparatively 
small quantity, and hence it bears a high value, which adapts it for a 
medium of currency. 

As might be expected from its Avant of direct attraction for oxygen, 
silver is found frequently in the metallic or native state, crystallised in 
cubes or octahedra, Avhich are sometimes aggregated together, as in the 
silver-mines of Potosi, into arborescent or dendritic forms ; it generally 
contains copper and gold, and sometimes mercury. Silver is more 
frequently met Avith, however, in combination Avith sulphur, 'forming 
the sulphide of silver (AgjS), which is generally associated Avith large 
quantities of the sulphides of lead, antimony, and iron. The largest 
supplies of sih'er are obtained from the Mexican and Peruvian mines, 
but the quantity furnished bj’’ Saxony and Hungary is by no means 
insignificant. Silver chloride is found in considerable quantity in the 
spongy deposits of silica round the Great Salt Lake in Utah. 

The process by which silver is extracted from galena has been already 
described under the history of lead. Silver may be separated from 
copper, in the ores of AA’hich (particularly grey copper ore) it frequently 
exists to a considerable extent, by taking advantage of the facility Avith 
AA'hich the former metal is dissolved by melted lead. The process of 
liquation, as it is termed, consists in fusing the argentiferous copper 



448 


AMALaAMATION OF SILVEE OEES. 


with. aboiTt thrice its weight of lead, and casting the alloy thus obtained 
into cakes .or discs, which are afterwards gradually heated upon a 
hearth, so contrived that the lead, which melts much more easily than 
the copper, may flow off in the liquid state, carrying with it, in the 
form of an alloy, the silver which was associated with the copper, 
leaving this last metal in porous masses, having the form of the original 
discs, upon the hearth. The lead and silver are separated by the pro- 
cess of cupellation (p. 424). 

In the extraction of silver from its ores the method adopted depends 
upon the conditions at the locality where the ore is mined. Thus, 
where fuel is available it is customary to smelt the ore either with lead 
ores or copper ores, the noble metal being eventually obtained either 
in solution in lead or in a copper matte. In the latter case the silver 
may be extracted by taking advantage of the fact that by carefully 
roasting a mixture of the sulphides of copper and silver the copper may 
be completely oxidised to oxide and the silver to sulphate, so that when 
the roasted mass is leached “with water, silver sulphate passes into solu- 
tion; the metal is precipitated from this by introducing metallic 
copper, and the precipitate is refined by roasting it to oxidise the 
impurities, and fusing it. Solution in lead and cupellation frequently 
forms a convenient method for refining silver. 

Where fuel is scarce an amalgamation process is adopted. That in 


vogue in Mexico is complicated in its chemical details, but primarily 
depends upon the reduction of the silver from the form of chloride by 
means of mercury (iron being sometimes substituted as a reducing 
agent), AgCl + Hg = HgOl -t- Ag, and the solution of the reduced silver 

in mercury, which is subsequently distilled, 

si ■ leaving the silver to be refined as described 

'I'" liF’ ^ 1 ■ above. 

-1 i '] The crushed ore is made into a mud with water, 

■J; I .1 T U . and mixed with common salt, mercury, and roasted 

' r*-' , copper pyrites {magistral), the mixing being generally 

>' ■ . ’ll u ^ ■ performed by the feet of mules. A hot solution of 

V ' [ VI ' 1 CuSO^ and more mercury are then added, and after 

',v' .pJ 1 . these have been well mixed with the charge the 

Vv I . . 'I ' whole is stirred up with water, when the heavy silver 
I - I amalgam sinks to the bottom. It is drawn off and 

' . filtered through canvas, in order to separate the 

.y'' BHjPPVHMI semi-solid amalgam from the excess of mercury. The 

.j'' B ■ ' amalgam is then distilled, the arrangement shown 

• . in fig. 247 being often employed ; in this the amalgam 

.''.'•s' • . ' is spread on iron trays arranged on an upright 

Fig. 247. beneath an iron bell, the lower part of which stands 

in water, whilst the upper portion is surrounded 
by burning fuel, the heat of which distils the mercury into the water. 

It would appear that in this process the CuSO^ (which is added both as such 
and in the form of magistral) reacts with the common salt, yielding cupric 
chloride. The CuCh then reacts with the silver sulphide of the ore, yielding 
silver chloride, which is dissolved by the solution of salt and reduced by the 
mercury. The excess of mercury then amalgamates with the silver. 


1- I?.:.; 


Fig. 247. 


In. another class of processes for extracting silver from its ores, these 
are roasted with common salt, whereby the silver sulphide is first con- 
verted into sulphate by oxidation, and then into chloride by double 
decomposition with the NaOl. The silver chloride is dissolved out of 
the mass by means of a strong solution of common salt, from which the 
silver is afterwards precipitated in the metallic state by copper, or as 
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silver iodide, the silver iodide being reduced by zinc, and the zinc iodide 
used to precipitate a fresh portion of silver. Sodium thiosulphate is 
also employed to dissolve out the silver chloride, and the solution pre- 
cipitated by sodium sulphide, the resulting silver sulphide'being roasted 
to remove the sulphur and leave metallic silver. 

Although silver is capable of resisting the oxidising action of the 
atmosphere, it is liable to considerable loss by wear and tear, in con- 
sequence of its softness, and is therefore always hardened, for useful 
purposes, by the addition of a small proportion of copper. The standard 
silver employed for coinage and for most articles of silver plate in this 
country, contains, in looo parts, 925 of silver and 75 of copper, whilst 
that used in France contains 900 of silver and 100 of copper. English 
standard silver is said to have & fineness of 925, and French, of 900. 

Standard silver, for coining and other purposes, is whitened by being 
heated in air and immersed in diluted sulphuric acid, which dissolves 
out the oxide of copper, leaving a superficial film of nearly pure silver. 
Dead or frosted silver is produced in this manner. Oxidised silver is 
covered Avith a thin film of sulphide by immersion in a solution obtained 
by boUing sulphur with potash. 

The solder employed in working silver consists of 5 parts of silver, 
2 of zinc, and 6 of brass. 

Plated articles are manufactured from copper or one of its alloys, 
Avhich has been united, by rolling, with a thin plate of silver, the 
adhesion of the latter being promoted by first washing the surface of 
the copper with a solution of silver nitrate, when a film of this metal is 
deposited upon its surface, the copper taking the place of the silver in 
the solution. 

Electro -plating consists in covering the surface of baser metals with a 
coating of silver, by connecting them with the negative (or zinc) pole of 
the galvanic battery, and immersing them in a solution made by dis- 
solving silver cyanide in potassium cyanide,* the positive (copper or 
platinum) pole being connected with a silver plate, also immersed in the 
solution; the current gradually decomposes the silver cyanide, and 
this metal is of coui'se (see p. 299) deposited upon the object connected 
with the negative electrode, whilst the cyanogen liberated at the silver 
plate attacks the silver, so that the solution is always maintained at the 
same strength, the quantity of silver dissolved at this electrode being 
precisely equal to that deposited at the opposite one. 

Brass and copper are sometimes silvered by rubbing them with a 
mixture of 10 parts of silver chloride with i of corrosive sublimate 
(mercuric chloride) and 100 of bitartrate of potash. The silver and 
mercuiy are both reduced to the metallic state by the baser metal, and 
an amalgam of silver is formed, Avhich readily coats the surface. The 
acidity of the bitartrate of potash promotes the reduction. The surface 
to be silvered should always be cleansed from oxide by momentary 
immersion in nitric acid, and washed with water. For dry silvering^ an 
amalgiim of silver and mercuiy is applied to the clean surface, and the 
mercuiy is afterwards expelled by heat. 

Silvering upon glass is efiected by means of certain organic substances 
which are capable of precipitating metallic silver from its solutions. 

_ • A solution of potassium cyanide in 10 parts of water, with 50 grains of silver chloride 
dissolved in each pint of the lif^uid, vrill answer the purpose. 
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Looking-glasses have been made by pouring updn the surface of plates 
of glass a solution containing silver tartrate and ammonium tartrate. 
On beating the glass plates to a certain temperature the tartrate is 
reduced, and the metallic silver is deposited in a. closely adhering film. 
Crlass globes and vases are silvered internally by a process which -is 
exactly similar in principle. The coating is rendered more adherent by 
sprinkling it with a weak solution of potassio-mercuric cyanide, which 
amalgamates the silver. 

■ Small- surfaces of glass for optical purposes may be silvered in the following 
manner ; — Dissolve one gramme of silver nitrate in 20 cubic centimetres of dis- 
tilled water, and add weak ammonia carefully until the precipitate is almost 
entirely dissolved. Filter the solution and make it up to 100 cubic centimetres 
with distilled water. Then dissolve 2 grammes of silver nitrate in a little dis- 
tilled water, and add it to a litre of boiling distilled water. Add 1.66 gramme of 
Rochelle salt (tartrate of potassium and sodium), and boil till the precipitated 
silver tartrate becomes grey ; filter while hot. 

Clean the glass to be silvered very thoroughly with nitric acid, distilled water, 
potash, distilled water, alcohol, distiUed water ; place it in a clean glass or porce- 
lain vessel, with the side to be silvered uppermost. Mix equal measures of the 
two silver solutions (cold), and pour the mixture in so as to cover the glass, which 
will be silvered in about an hour. After washing, it may be allowed to dry, and 
varnished. — Instruction in Physics in the Laboratory at South Kensington. 

Very good mirrors may be made by adding ammonia to weak silver nitrate till 
the precipitate just redissolves, then a little potash, then ammonia till the liquid 
is clear, and then a very little glycerin. If a watch-glass be floated on this liquid, 
and a gentle heat applied, a good mirror will be formed in a few minutes. 

Pure silver is easily obtained from standard silver by dissolving it in 
nitric acid, with the aid of heat, diluting the solution with water, adding 
solution of common salt as long as it produces any fresh precipitate of 
silver chloride, washing the precipitate by decantation as .long as the 
washings give a blue tinge with ammonia, and fusing the dried precipi- 
tate with half its weight of dried sodium carbonate in a brisk fire, when 
a button of silver will be found on breaking the crucible — 

2AgCl + NujCOj = Agj -b 2NaCl -b O -b C 0 „. 

The pure silver employed by Stas in his researches on atomic weights 
was prepared by distilling the metal. 

When fused in air, silver occludes oxygen, a portion of which it 
evolves during solidification, causing sprouting on the surface of the 
partly solidified metal, and sometimes projection (of portions of the 
mass. After cooling, it still retains oxygen, which can only be ex- 
pelled by heating to about 600° C. in a vacuum. This may amount to 
0.025 per cent, by weight, and has to be taken into consideration in 
determining atomic weights in terms of silver.* 

■ 282. Ppoperties of silver. — The brilliant whiteness of silver distin- 
guishes it from all other metals. It is lighter than lead, its specific 
gravity being 10.53 ; harder than gold, hut not so hard as copper; more 
malleable and ductile than any other metal except gold, which it sur- 
passes in tenacity. It fuses at a somewhat lower temperature than 
gold or copper (945° 0.), and is the best conductor of heat and elec- 
tricity. It is comparatively easily distilled. It is not oxidised by dry 
or moist air, either at the ordinary or at high temperatures, but is oxi- 
dised by ozone, and tarnished by air containing sulphuretted hydrogen, 
from the production of silver sulphide, which is easily removed by solu- 

* At 300° O. and 15 atmospheres pressure Ag absorbs as much oxygen as corresponds 
with the formula Ag^O. 
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tion of potassium cyanide. Pure II3S does not attack silver. It is 
unaffected by dilute acids, witb .the exception of nitric, and in this case 
the presence of nitrous acid is essential ; but hot concentrated sulphuric 
acid converts it into silver sulphate, and when boiled with strong hydro- 
chloric acid it dissolves to a slight extent in the form of silver chloride, 
which is preaipitated on adding water. Strong hydriodic acid dissolves 
silver, evolving hydrogen ; silver iodide is precipitated on addition of 
water. The alkali hydroxides do not act on silver to the same extent 
as on platinum when fused with it ; hence silver basins and crucibles 
are much used in the laboratory. 

Colloidal silver appears to be formed by the action of certain reducing agents 
on a solution of silver nitrate. Thus, when a solution of ferrous citrate is added 
to one of silver nitrate, a red solution which deposits a lilac precipitate is obtained ; 
this precipitate is washed with ammonium nitrate solution, and is then found to 
•contain over 97 per cent, of silver, and to be soluble in water to a red solution. 
By similar methods an insoluhle allotrqpic silver and s.n insoluble gold-like allotrojpie 
silver have been obtained. The physical properties of silver deposited as a 
mirror seem to show that it is colloidal silver. 

283. Oxides of silver. — There are three compounds of silver with 
•oxygen — the suboxide, Agfi ; the oxide Ag^O ; and the peroxide, pro- 
bably AgjOj, which is not known in the pure state. The oxide alone 
has any practical interest, as being the base of the salts of silver. 

Silver oxide (AgjO) is obtained as a brown precipitate when solution 
of silver nitrate is decomposed by potash. If the precipitate be kept 
cold it consists of silver hydroxide, AgOH ; this, however, very easily 
loses water and becomes AgjO. It is prepared by dissolving half an 
ounce of silver nitrate in four ounces of water, and pouring it into a 
bottle containing three pints and a half of lime water. The oxide may' 
be washed by decantation. It is a powerful base, slightly soluble in 
water, to which it imparts a weak alkaline reaction. A temperature of 
270° C. decomposes it into its elements. It acts as a powerful oxidising 
, agent. "When moist freshly precipitated silver oxide is covered with a 
strong solution of ammonia, and allowed to stand for some hours, it 
becomes black, crystalline, and acquires dangerously explosive proper- 
ties. The composition of this Julminaiing silver is not accurately 
known, but it is supposed to be a silver nitride, NAgj, corresponding in 
composition with ammonia. 

Silver nitrate (AghTOj), or lunar caustic (silver being distinguished as 
Itina by the alchemists), is procured by dissolving silver in nitric acid,* 
with the aid of a gentle heat, evaporating the solution to dryness, and 
heating the residue till it fuses, in order to expel the excess of acid. It 
fuses at 218° 0 . For use in surgery, the fused nitrate is poured into 
cylindrical moulds, so as to cast it into thin sticks ; but for chemical 
purposes it is dissolved in water and crystallised, when it forms colour- 
less squai’e tables (sp. gr. 4.3), easily soluble in water and alcohol. The 
action of nitrate of silver as a caustic depends upon the facility with 
which it parts with oxygen, the silver being I'educed to the metallic 
state, and the oxj’gen combining with the elements of the organic 
matter. This effect is veiy much promoted by exposure to sunlight, or 
diffused daylight. Pure silver nitrate is not changed by exposure to 
light, but if organic matter be present, a black deposit, containing 

• For 3 ounces of silver, lake if fluid ounce of strong nitric acid, and 5 fluid ounces of 
water. 
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finely divided silver, is produced. Thus, the solution of silver nitrate 
stains the fingers black when exposed to light, but the stain may be 
removed by potassium cyanide or, more safely, by tincture of iodine. 
If solution of silver nitrate he dropped upon paper and exposed to 
light, black stains will be produced, and the paper corroded. ' Silver 
nitrate is a frequent constituent of marking-inks, since the deposit of 
metallic silver formed on exposure to light is not removable by washing. 
The linen is sometimes mordanted by applying a solution of sodium car- 
bonate before the marking-ink, when the insoluble silver carbonate is 
precipitated in the fibre, and is more easily blackened than the nitrate, 
especially if a hot iron is applied. Marking-inks without preparation 
are made with silver nitrate containing an excess of ammonia, which 
appropriates the nitric acid, and hastens the blackening on exposure to 
light or heat. Hair-dyes often contain AgNOg. The important use of 
this salt in photography has been noticed already (p. 231). 

In order to prepare silver nitrate from standard silver (containing copper), the 
metal is dissolved in moderately strong nitric acid, and the solution evaporated to 
dryness in a porcelain dish, when a blue residue containing the nitrates of silver 
and copper is obtained. The dish is now moderately heated until the residue has 
fused, and become uniformly black, the blue copper nitrate being decomposed 
and leaving black copper oxide, at a temperature which is insufficient to decom- 
pose the silver nitrate. To ascertain when all the copper nitrate is decomposed, 
a small sample is removed on the end of a glass rod, dissolved in water, filtered, 
and tested with ammonia, which will produce a blue colour if any copper nitrate 
be left. The residue is treated with hot water, the solution filtered from the 
copper oxide and evaporated to crystallisation. 

Silver nitrate forms crystalline double salts with one molecule of potassium or 
ammonium nitrate. It absorbs ammonia with evolution of heat, and silver 
ummonio-iiitrate, AgNOj.aNHg, may be crystallised from a strong solution of silver 
nitrate saturated with ammonia. 

Silver nitrite, AgNOj, is obtained as a white precipitate from KNO^ and AgNOj. 
It is soluble in hot wafer and crystallises in prisms. By long boiling with water 
it is decomposed, 2AglSr0„=AgN03-fAg+N0. Silver hyponitrite, Ag„N., 0 „ (see 
page 157). 

Silver carbonate, AgjCOj, is obtained in transparent yellow crystals when moist 
silver oxide is acted on by carbonic acid. It dissolves in solution of carbonic 
acid, like CaCOg, and is deposited in crystals when the solution is exposed to the 
air. It is feebly alkaline to moist test-paper. It hears heating to nearly the 
boiling point of oil, and fuses just before decomposition. Silver carbonate forms 
a yellowish white precipitate when silver nitrate is decomposed by an alkaline 
carbonate. 

284. Silver chloride, AgOl, is an important compound, as being the 
form into wbicb silver is commonly converted in extracting it from its 
ores, and in separating it from other metals. It separates, as a white 
curdy precipitate, when solution of hydrochloric acid or a chloride is 
mixed with a solution containing silver. The precipitate is brilliantly 
white at first, but soon becomes violet, and eventually black, if exposed 
-to daylight, or more rapidly in sunlight, the chloride of silver being 
reduced to subchloride (Ag^Cl), with separation of chlorine (see page 
231). The blackening takes place more rapidly in the presence of . an 
excess of silver nitrate or of organic matter, upon which' the liberated 
chlorine is capable of acting. In the presence of chlorine the blackening 
does not occur ; nor will perfectly dry AgCl darken. If the white silver 
chloride be dried in the dark and heated in a crucible, it fuses at 451° C. 
to a brownish liquid, which solidifies, on cooling, to a transparent, nearly 
colourless mass (sp. gr. 5.59), much resembling horn in external characters 
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{horn silver)] a strong heat converts it into vapour, but does not decompose 
it.. If fused silver chloride be covered with hydrochloric acid, and a 
piece of zinc placed upon it, it will be found entirely reduced, after a 
few hours, to a cake of metallic silver; the first portion of silver having 
been reduced- in contact with the zinc, and the remainder by the galvanic 
action, set up by the contact of the two metals beneath the liquid. 
Fusion with ]Sra,C03 reduces AgCl, first converting it into AggCOj which 
breaks up into Ag,, 0 , and C 0 „. Silver chloride is slightly soluble in 
strong HCl, and in strong solutions of alkaline chlorides. Potassium 
cyanide dissolves it readily, and the solution is used in electro-plating. 
Ammonia readily dissolves silver chloride, and the solution deposits 
colourless crystals of the chloride when evaporated. If the ammonia be 
very strong the solution deposits a crystalline compound of silver chloride 
mth ammonia, 2AgC1.3NH3. The absorption of ammoniacal gas by 
silver chloride has been noticed at page 137, and the photographic 
application of the chloride at page 231. 

Hecomry of silver from old photographic haths. — One of the simplest methods of 
effecting this (if sodium hyposulphite is not present) consists in mixing the liquid 
with solution of common salt as long as it causes a fresh precipitate of silver 
chloride, which is allowed to subside, washed once or twice by decantation, 
mixed with a little sulphuric acid, a lump of zinc (spelter) placed in it, and left 
for a day or two to reduce the silver to the metallic state. The zinc is then taken 
out, and the metallic silver well washed by decantation, first with dilute sulphuric 
acid, to remove zinc, and afterwards with water, till the washings are quite taste- 
less. It may either be reconverted into nitrate by dissolving in nitric acid (p. 451), 
or fused in an earthen crucible with a little borax. 

From the fixing solutions containing sodium hyposulphite the silver cannot be 
precipitated by salt, because the silver chloride is soluble in the hyposulphite. A 
piece of sheet copper left in this for a day or two will precipitate the silver at 
once in the metallic state. 

Several chemists have claimed to have isolated a dark silver siib-chloride, to 
which the formulm Ag„Cl and Ag^Clj have been ascribed. The interest in this 
supposed sub-chloride arises from the fact that metallic silver cannot be found in 
the silver chloride which has been darkened by light, although chlorine has 
undoubtedly been removed. By adding a reducing agent (such as SnCL) to an 
ammoniacal solution of AgCl, a black precipitate is obtained, which becomes 
coloured pink or brown (according to the nature of the reducing agent) when it is 
washed -nuth niti-ic acid. A number of such coloured salts has been obtained 
by Carey Lea from the halides of silver ; these are teimed photo-salts of silver and 
are supposed to be identical with the products of the action of light on the silver 
halides ; they appear to consist of the normal silver halides -with small admixtures 
of sub-halides. They are dissolved by ammonia with the exception of a slight 
residue of silver. 

Silver hromidc (AgBr) is a rare Chilian mineral, bromargyrite. 
Associated w’ith AgCl, it forms the mineral emholite. It much resembles 
the chloride, but is somewhat less easily dissolved by ammonia. Dry 
silver bromide does not absorb NII3. It melts at 427“ C. ; sp. gr. 6.35. 
When heated to 700° C. in HCl, silver bromide is converted into the 
chloride, but, at the ordinaiy temperature, HBr converts silver chloride 
into bromide. 

Silver iodide (Agl) is also found in the mineral kingdom. It is 
worthy of remark that silver decomposes hydriodic acid much more 
easily than hydrochloric acid, forming silver iodide, and evolving hydro- 
gen. The silver iodide dissolves in hot hydriodic acid, and the solution 
deposits crystals of Agl.IU, wliich are decomposed in the air. If the 
hot solution be left in contact with silver, prisms of Agl are deposited. 
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By adding silver nitrate to potassium iodide, the silver iodide is obtained 
as a yellow precipitate, which, unlike the chloride, does not dissolve in 
ammonia, but is bleached, forming 2AgI,NHj, which is also produced 
when dry silver iodide absorbs ammonia. 

Silver iodide is remarkable for its behaviour when heated. It becomes more 
yellow as the temperature rises and melts to an orange liquid at 527° C. The 
melted mass contracts considerably on solidifying and on cooling, until the tem- 
perature is 1 16° 0. , whereupon a sudden expansion occurs, concomitant with the 
passage of the red amorphous to the yellow crystalline modification. When the 
molten iodide is poured into cold water it becomes yellow, but remains amorphous. 
The sp. gr. of the fused iodide is 5.6. 

Silver iodide is the most stable of the silver halides ; when exposed to light it 
requires a more vigorous sensitising agent (i.e., halogen-absorbent) than do the 
other halides in order that it may undergo photo-reduction. It dissolves in a 
boiling saturated solution of silver nitrate, and the solution, on cooling, deposits 
crystals having the composition Agl.AgNO, ; these are sensitive to light since 
the halogen-ab^sorbent (AgNOg) is ready to hand. The crystals are decomposed 
by water with separation of silver iodide. 

Silver fluoride, AgP, is deliquescent and very soluble in water, forming crystals 
which may contain one or two molecules of water. It fuses to a horny mass, 
like AgOl, but is reduced to the metaUic state when heated in moist air. Ammonia 
also reduces it to the metallic state when heated. Fused AgF conducts the electric 
current without undergoing decomposition. 

Silver sulphide (Ag^S) is found as silver glance, which may be regarded as the 
chief ore of silver ; it has a metallic lustre, and is sometimes found in cubical or 
octahedral crystals. The minerals known as rosiclers or red silver ores contain 
sulphide of silver combined with the sulphides of arsenic and antimony. The 
black precipitate obtained by the action of hydrosnlphuric acid upon a solution 
of silver is silver sulphide. It may also be formed by heating silver with sulphur 
in a covered crucible. Silver sulphide is remarkable for being soft and m'alleable, 
so that medals may even be struck from it. It is not dissolved by diluted _ sul- 
phuric or hydrochloric acid, but nitric acid readily dissolves it. Metallic silver 
dissolves silver sulphide when fused with it, and becomes brittle even when con- 
taining only I per cent, of the sulphide. Ag^S fuses unchanged, but when roasted 
in air it becomes AgjSO^. 

Silver sulphate, AgoSO^, forms a crystalline precipitate when a strong solution 
of silver nitrate is stirred with dilute sulphuric acid. It requires 200 parts of cold 
water for solution. It fuses at 654° 0. AgHSO^ has been crystallised. 

Silver sulphite, Ag^SOj, forms a white precipitate when sulphurous acid is added 
to silver nitrate. Boiling with water reduces it to metallic silver ; 

Ag„S03 -t- H„0 = Ag„ -f H„SOj. 

Silver orthophosphate, AggPO^, forms a yellow precipitate when sodium phos- 
phate is added to silver nitrate — 

Na^HPO^ + sAgNOj = 2NaN03 + HNO3 -b AggPOj. 

It is soluble in nitric acid and in ammonia, and is thus distinguished from silver 
iodide. 

Silver arsenite, AgjAsOg, is obtained as a yellow precipitate when ammonia is 
cautiously added to a mixture of silver nitrate and arsenious acid ; it is soluble 
in nitric acid and in ammonia. 

Silver arsenate, AgjAsO^, forms a red precipitate, soluble in nitric acid and in 
ammonia, when silver nitrate is added to arsenic acid. 

Silver sulpharsenite, AgjAsSj, is found as light red silver ore. 

Silver sulphantimonate, AggSbSj, is darh red silver ore. 


MEROUBY. 

Hg"=200 parts by weight =2 vols. 

285. Mercury (quicksilver) is conspicuous among metals by its fluidity, 
and among liquids by its not wetting or adhering to most solids, such 
as glass, a property of great value in making philosophical instruments. 
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It is the only metal which is liquid at the ordinary temperature, and 
since it requires a temperature of —39° S’. (~39°-5 solidify it, 

this metal is particularly adapted for the construction of thermometers 
and barometers. Its high boiling point (662° F., 357° 0 .) and low 
specific heat (0.033) also recommend it for the former purpose, as its 
high specific gravity (13*54) does for the latter, a column of about 
30 inches in height being able to counterpoise a column of the atmo- 
sphere having the same sectional area. The symbol for mercury (Hg) 
is derived from the Latin name for this element, hydra/i'gyruTn {vBup, 
water, referring to its fluidity, Spyvpos, silver). 

Mercury is not met with in this country, but is obtained from' Idria 
(Austria), Almaden (Spain), China, and New Almaden (California). It 
occurs in these mines partly in the metallic state, diffused in minute 



Fig. 248. — Extraction of mercury at Idria. 


globtiles or collected in cavities, but chiefly in the state of cinnabar, 
which is mercuric sulphide, HgS (sp. gr. 8.2). 

, The metal is extracted from the sulphide at Idria by roasting the ore 
in a kiln (fig. 248), which is connected with an extensive seiies of con- 
densing chambers built of brickwork. The sulphur is converted, by the 
air in the kiln, into sulphmous acid gas, whilst the mercury passes off 
in vapour and condenses in the chambers. 

At Almaden, the extraction is conducted upon the same principle, 
but the condensation of the mei’- 
cury is effected in earthen re- 
ceivers (called al-iuhl^ opening 
into each other, and delivering 
the mercury into a gutter which 
conveys it to the receptacles. 

The cinnabar is placed upon the 
.arch (A, fig. 249) of brickwork, in 
which there arc several openings for 
the passage of the flame of the wood 
fire kindled at B ; this flame ignites Eig. 249. 

the sulphide of mercury, wliich burns 

in the air passing up from below, forming sulphurous acid gas and vapour of 
mercury (HgS + O.= Hg-i-S0.h which escape through the flue (B') into the aludels 
(C), where the chief part of the niercury condenses and runs down into the gutter 
(G)_. The sulphurous acid gas escapes through the flue (H). and any mercury 
winch may have escaped condensation is collected in the trough (D), the gas finally 
passing out through the chimney (E), which provides for the requisite draught. 

In the P.olatinate tire cinnab.ar is distilled in cast-iron retorts with 
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lime, when the sulphur is left in the residue as calcium sulphide and 
sulphate, whilst the mercury distils over — 

4HsS 4" 40 aO — 30 aS -i" CaSO^ E[^4' < 

The mercury found in commerce is never perfectly pure, as may be shown by 
scattering a little upon a clean glass plate, when it tails or leaves a track upon the 
glass, which is not the case with pure mercury. Its chief impurity is lead, which 
may be removed by exposing it in a thin layer to the action of nitric acid diluted 
with two measures of water, which should cover its surface, and be aEowed to 
remain in contact with it for a day or two with occasional stirring. The lead is 
far more easily oxidised and dissolved than the mercury, though a little of this 
also passes into solution. The mercury is afterwards well washed with water and 
dried, first with blotting-paper, and then by a gentle heat. Mercury is- easily 
freed from mechanical impurities by filtering it through a cone of paper round 
the apex of which a few pin-holes have been made, or by squeezing it through a 
duster. Zinc, tin, and bismuth are sometimes present in the mercury of com- 
merce, and may be partly removed, as oxides, by shaking the mercury in a large 
bottle M'ith a little powdered loaf-sugar for a few minutes, and straining through 
perforated paper. The sugar appears to act mechanically by dividing the 
mercury. 

286. In its cbemical properties mercury much resembles silver, being 
unafl'ected by ordinary air and tarnished by air containing H^S. In 
com’se of time, however, it becomes oxidised, as may be seen in old 
instruments containing mercury and am ; and it is slowly oxidised when 
heated in air, which is not the case with silver. It also appears to 
undergo a partial oxidation when reduced to a fine state of division, as 
in those medicinal preparations of the metal which are made by tritu- 
rating it with various substances which have no chemical action upon it, 
until globules of the metal are no longer visible. IBlue pill and grey 
poiodei\ or hydrargyrum cmn cretd, aftbrd examples of this, and probably 
owe much of their medicinal activity to the presence of one of the 
oxides of mercury. 

Nitric acid (containing nitrous acid) dissolves mercury, and converts 
it into two nitrates — mercurous, HglSTOg, corresponding with AgNOg, 
and mercuric, Hg(N03)5. Hot concentrated sulphuric acid also convei’ts 
it into mercurous (Hg^SO^) and mercuric (HgSO^) sulphates. Mercury 
is precipitated from solutions of its salts by reducing agents, stannous 
chloride, for example, in what looks like a dark grey powder ; but if 
this be boiled in the liquid, the minute globules of which it is composed 
gradually unite into fluid mercury. Conversely, if mercury be diligently 
triturated with chalk or grease, it may be divided into extremely minute 
globules which behave like a powder. 

287. Uses of siercuey. — One of the chief rises to which mercury is 
devoted is the silvering of looking-glasses, which is effected by means of 
an amalgam of tin in the following manner : — A sheet of tinfoil of the 
same size as the glass to be silvered is laid perfectly level upon a table, 
and rubbed over -with metallic mercury, a thin layer of which is after- 
Avards poured upon it. The glass is then carefully slid on to the table, 
so 'that its edge may cany before it part of the superfluous mercuiy 
Avith the impurities upon its surface; heavy weights are laid upon the 
glass, so as to squeeze out the excess of mercury, and in a few days the 
combination of tin and mercury is found to have adhered firmly to the 
glass; this coating usually contains about i part of mercury and 4 paits 
of tin. In this and all other arts in which mercury is used (such as 
barometer-making) much suffering is experienced by the operatives, 
from the poisonous action of the mercmy. 
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The readiness "with which mercury unites with most other metals to 
form amalgams is one of its most striking properties, and is turned to 
account for the extraction of silver and gold from their ores. The attrac- 
tion of the latter metal for mercury is seen in the readiness with which 
it becomes coated mth a silvery layer of mercury, whenever it is brought 
in contact with that metal, and if a piece of gold leaf be suspended at a 
little distance above the surface of mercury, it will be found, after a 
time, silvered by the vapour of the metal, which rises slowly even at 
the ordinary temperature. From the surface of rings which have been 
accidentally whitened by mercury it may be removed by a moderate 
heat, or by warm dilute nitric acid, but the gold will afterwards require 
burnishing. 

Zinc plates are amalgamated, as already explained (p. 12), for use in 
the galvanic battery. An amalgam of 6 parts of mercury with i part 
of zinc and i of tin is used to promote the action of frictional electrical 
machines. 

The addition of a little amalgam of sodium to metallic mercury gives 
it the power of adhering much more readily to other metals, even to 
iron. Such an addition has been recommended in all cases where 
metallic surfaces have to be amalgamated, and especially in the extrac- 
tion of silver and gold from their ores by means of mercury. Gold 
amalgam and cadmiam amalgam are used by dentists. Sodium amalgam, 
in contact with water, forms a convenient source of nascent (atomic) 
hydrogen. 

Iron and platinum are the only metals in ordinary use which can be 
employed in contact with mercury without being corroded by it. Mer- 
cury, however, adheres to platinum. ^ 


The following definite compounds of mercury with other metals have been 
■obtained by combining them with excess of mercury, and squeezing out the fluid 
metal by hydraulic pressure, amounting to 60 tons upon the inch ? — 

A 1 1 _ 1 Tnv TT I A . I r» • 


Amalgam of lead 
„ silver 


iron 


Pb,Hg 

AgHg 

FeHg' 


Amalgam of zinc Zn„Hg 
copper CuHg 
platinum PtHg, 


17 l/Aia UUJL JL 

Tlie amalgam of silver (AgHg) has been found in nature, in dodecahedral 
crj'stals. 

Avery beautiful crystallisation of the amalgam of silver {Arbor Diance) maybe 
obtained in long prisms having the composition Ag^Hg,, by dissolving 400 grains 
of silver nitrate in 40 measured ounces of water, adding 160 mini m-s of concen- 
trated nitric acid, and 1840 grains of mercury; in the course of a day or two 
crystals of 2 or 3 inches in length will be deposited. 

288. Oxides of mercury. — Two oxides of mercury are known — the 
suboxide, Hg„0, and the oxide, HgO ; both combine with acids to form 
salts. Suboxide of mercury, bkcck oxide, or mercw’ous oxide, IIg,0, is 
obtained by decomposing calomel with solution of potash, and wmshing 
with water; Hg,Ch + 2K0H = Hg_,0 + 2K01-}-H_,0. It is very eashy 
decomposed, by exposure to light or to a gentle heat, into mercuric 
oxide and metallic mercur}’-. 

Hed oxide of mercury, or mercicric oxide (HgO), is formed upon the 
surface of mercury, when heated for some time to its boiling point in 
contact uith air. The oxide is black while hot, but becomes red on 
cooling. It is used, under the name of red precipitate, in ointments, 
and is prepai'ed for this purpose by dissolving mercmy in nitric acid, 

* HgsFej! has been obtained by the action of finely divided iron on sodium amaleam in 
presence of water. ° 
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evaporating the solution to dryness, triturating the mercuric nitrate 
■with an equal -weight of mercury, and heating as long as acid fumes are 
evolved; Hg(N 03)2 + Hg 2 = 3Hg0 + ]!T 203 . The name nitric oxide of 
mercury refers to this process. It is thus obtained, after cooling, as a 
brilliant red crystalline po-wder (sp. gr. ii.o), -which becomes nearly black 
when heated, and is resolved into its elements at a red heat. It dissolves 
slightly in water, and the solution has a very feeble alkaline reaction. 
A bright yellow modification of the oxide is precipitated when a solution 
of corrosive sublimate is decomposed by potash (HgOl, + 2 KOH = 
HgO + zKOl + HjO); the yellow variety is chemically more active than 
the red. 

When mercuric oxide is attacked by strong ammonia it becomes converted into- 
a yellowish'-white powder which possesses the properties of a strong base, absorb- 
ing carbonic acid eagerly from the air, and combining readily with other acids. 
It is easily decomposed by exposure to light, and if rubbed in a mortar when 
dry, is decomposed with slight detonations, a property in which it feebly resembles 
fulminating silver (p. 451). The composition of this substance is represented by 
the formula NHg"„.OH.Aq. When exposed in vacuo over oil of vitriol, it loses 
Aq, becoming NHg''„. OH, or dimercurammonium hydrate, which is a brown ex- 
plosive base.* When treated with aqueous ammonia it yields Millon’s hasCf 
3(2Hg0.NH3).2H„0, which is not decomposed by boiling potash, but explodes if 
evaporated to dryness with the potash. This base will deprive all soluble and 
most insoluble salts of their acids ; thus it will remove sulphates and chlorides 
from impure soda solution. 

By passing ammonia gas over the yellow oxide of mercury as long as it is 
absorbed, and heating the compound to about 260° F. (127° C.) in a current of 
ammonia as long as any water is evolved, a brown explosive powder is obtained 
which is believed to hesinitride of mercury, N2Hg"3, representing a double molecule 
of ammonia in which the hydrogen has been displaced by mercury. It yields 
salts of ammonium when decomposed by acids. 

289. The salts formed by the oxides of mercury with the oxygen-acids are not- 
of great practical importance. Protonitrate of mercury, or mercurous nitrate, is 
obtained when mercury is dissolved in cold nitric acid diluted with 5 volumes of 
water; it may' be procured in crystals having the composition Hg„(N03)„.2Aq. 
The prismatic crystals which are sometimes sold as protonitrate of mercury con- 
sist of a basic nitrate, Hgj(N03)30H, prepared by acting with diluted nitric acid 
upon mercury in excess. When this salt is powdered in a mortar with a little 
common salt, it becomes black from the separation of mercurous oxide — 
2Hg^(N03)30H -f 6NaCl = dNaNOj -(- sHgoCh -f Hg^O + H3O ; 
but the normal nitrate is not blackened (Hg2(N03)o+2NaCl = Hg2Cl2-f2NaN03). 
Mercurous nitrate is soluble in a httle hot -water, i>ut much water 'decomposes- 
it into nitric acid and a basic nitrate ; Hg2(N03)2+H20 = Hg2N03.0H-^HN03. 

nitrate of mercury or mercuric nitrate, is formed when mercury is dissolved -with 
an excess of strong nitric acid, and the solution boiled until it is no longer pre-’ 
cipitated by NaCl. It may be obtained in crystals of the formula 2Hg(N03)2. Aq. 
Water decomposes it, precipitating a yellow basic nitrate, which leaves mercuric 
oxide -when long washed -with water. Mercuric nitrate stains the skin red. 
When nitric acid is heated with an excess of mercuric oxide, the solution, on 
cooling, deposits crystals of a basic mercuric nitrate; Hg2(N03)3.0H.Aq. 

3 Iercurous sulyJiate (HgjSOJ is precipitated as a white crystalline powder when 
dilute sulphuric acid is added to a solution of mercurous nitrate. 

Mercuric sidphate (HgSO^) is obtained by heating 2 parts by weight of mercury 
with 3 parts of oil of vitriol, and evaporating to dryness. Mercurous sulphate is 
first produced, and is oxidised by the excess of sulphuric acid. It forms a white 
crystalline powder, which becomes brown-yellow when heated, and white again 
on cooling. It is decomposed by water into a soluble acid sulphate, and an 
insoluble yellow basic sulphate of mercury, HgS0,.2Hg0, known as turbith or 

• It has been stated that by heating it for some time in a current of dry ammonia, the 
■5^de of the oxygen may be expelled as water, leaving the oxide of mercurammonium, 
(NHg";);©, which is verj- explosive, and combines -mth water to form a hydrate which 
produces salts ivith the acids. 
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turiKth mineral, said to have been so named from its resembling in its medicinal 
effects the root of the Convolvulus Uirjidhum. 

290. Chloripes of 3IERCURY. — ^Tlio cblovides are Uie most imijortant 
of the compounds of mercury, one chloride being calomel (HgCl or 
Hg„Ol2) and the other corrosirc sit6Zfmafc (HgCl,). Vapour of mercury 
burns in chlorine gas, corrosive sublimate beuig produced. 

Gom'osivc sublimate, chloride of mercury, bichloride or 2'>c^'chloride of 
merewy, or mercuric chloride, is manufactured by heating 2 parts by 
weight of mercury with 3 parts of strong sulphuric acid, and evapo- 
rating to drjmess, to obtain mei*curic sulphate — 

Hg + 2H„S0^ = HgSO, H- 2H„0 + SO„, 

which is mixed with li part of common salt and heated in glass vessels 
(HgS0^-l-2Na01 = Na2§0^-l-HgCl,), when sodium sulphate is left, and 
the corrosive sublimate is converted into vajjour, condensing on the 
cooler part of the vessel in lustrous colouidess masses, which are ver}’’ 
heavy (sp. gr. 5.4), and have a crystalline fmeture. It fuses very 
easily (288° 0 .) to a perfectly colourless liquid, which boils at 303° C., 
emitting an extremely acrid vapour, which destroys the sense of smell 
for some time. This vapour condenses in fine needles, or sometimes in 
octahedra. Corrosive sublimate dissolves in twice its weight of boiling 
water, but requires 16 parts of cold water, so that the hot solution readily 
deposits long four-sided prismatic crystals of the salt. It is remarkable- 
that alcohol and ether dissolve corrosive sublimate much more easily 
than water does, boiling alcohol dissolving about an equal weight of the 
chloride, and cold ether taking up one-third of its weight. By shaking 
the aqueous solution •with ether, the greater part of the corrosive sub- 
limate will be removed, and will remain dissolved in the ether which 
rises to the surface. An aqueous solution of ammonium chloride wiU 
take up corrosive sublimate more easily than pure water will, a soluble 
double chloride (sal alembroth) being formed, which may be obtained in 
tabular crystals of the composition HgOl3.2NHjOl.HjO. A solution of 
corrosive sublimate in water containing sal-ammoniac is a very effica- 
cious bug-poison. 

Sulphuric acid does not decompose mercuric chloride, though it attacks 
mercurous chloride. Hydrochloric acid combines with it, forming crys- 
talline compounds HOl.HgOlj and H01,2Hg01j, which lose HOI when 
exposed to air. 

A crystalline compound, HgOlj.HjSOj, is formed by the action of 
hydrochloric acid on mercuric sulphate. 

The poisonous properties of corrosive sublimate are very marked, so 
little as three grains ha'ving been known to cause death in the case of 
a child. The white of egg is commonly administered as an antidote, 
because it is known to form an insoluble compound with corrosive sub- 
limate, so^ as to render the poison inert in the stomach. The compound 
of a,lbumin with corrosive sublimate is also much less liable to putre- 
faction than albumin itself, and hence corrosive subhmate is sometimes 
employed for preserving anatomical preparations and for preventing the 
decay of wood (by combining with the vegetable albumin of the sap). 
Mercuric chloride unites with many other chlorides to form soluble double 
salts, and with mercuric oxide, forming several oxychlorides, which have 
no useful applications. 

Mercuric chloride has been found native in one of the Molucca Islands. 
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’White precipitate, employed for destroying vermin, is deposited when 
a solution of corrosive sublimate is poured into an excess of solution of 
ammonia ; HgCl^ + 2NH3 = NH^Cl + NIl2Hg"01 {white precipitate). 

The true constitution of white precipitate has been the subject of much discus- 
sion, but the changes which it undergoes, under various circumstances, appear to 
lead to the conclusion that it represents ammonium chloride, NH^Cl, in which 
half of the hydrogen has been displaced by mercury. When boiled with potash 
it yields ammonia and mercuric oxide ; NH2Hg"Cl + KOH = NH3 + HgO -I- KCl. If 
it be boiled with water, it is only partly decomposed in a similar manner, leaving 
a yellow powder having the composition (NH„HgCl).HgO, produced according to 
the equation 2(NH„HgCl)-t-H20=NHjCl-(-(NH„HgCl).Hg0. A compound corre- 
sponding with this yellow powder, but containing mercuric chloride in place of 
oxide, is preeipitated when ammonia is gradually added to solution of corrosive 
sublimate in large excess, the result being a compound of white precipitate with 
a molecule of undecomposed mercuric chloride (NHoHgClj.HgCP. A compound 
having the same formula as the yellow powder, and probably identical with it, is 
obtained by the action of dilute hydrochloric acid on Millon’s base (p. 458 ) ; it 
loses water at 200° C. and is mercurammonium chloride hydrate, NHgoCl.HoO. 

If white precipitate be heated to about 600° F. (315° C.), it evolves ammonia, 
and yields a sublimate of ammoniated mercuric chloride, HgClj.NHj, leaving a 
red crystalline powder which is insoluble in water and in diluted acids, and is 
unchanged by boiling with potash ; it may be represented as a compound of 
mercuric chloride with ammonia in which the whole of the hydrogen has been 
displaced by mercury, N2Hg"3.2HgCL. When stronerly heated, white precipitate 
yields a sublimate of calomel; 6NH2Hg"Cl=:3Hg„Cl2-l-N„4-4NH3. White preci- 
pitate inflames in contact with chlorine or bromine.* If it be mixed with about 
twice its weight of iodine and moistened with alcohol, an explosion occurs in 
about half an hour, from production of nitrogen iodide. 

When solution of corrosive sublimate is added to a hot solution of sal-ammoniac, 
mixed with ammonia, a crystalline deposit is obtained on cooling the liquid ; 
this is also obtained when ammoniacal mercuric chloride is precipitated by an 
alkaline carbonate ; it is known as fusible white 'precipitate, and represents two 
molecules of ammonium chloride, in which one-fourth of the hydrogen has been 
displaced by mercury, its composition being N2H3Hg"Cl;. The same compound 
is formed when white precipitate is boiled with solution of sal-ammoniac — 
NH2Hg"Cl -i- NH^Cl = N2H„Hg"Cl2. 

The above compounds possess a Special interest for the chemist, as they were 
among the first to attract attention to the mobility of the hydrogen in ammonia, 
which has since been so well exemplified in the artificial production of organic 
bases by the action of ammonia upon the iodides of the alcohol-radicles. The 
relation of these compounds to each other is here exhibited : — 

IVhite precipitate NH2Hg"Cl 

Produced with corrosive sublimate in excess . (NHjHgClj.HgCU 

,, by boiling with water . . . . (NHj'HgClj.HgO " 

„ „ sal-ammoniac . . N„H“H^'012 

„ by heating to 600° P N2Hg"3.2HgCl2 

According to Eammelsberg the infusible or true white precipitate loses half of 
its N as NH3 when it is boiled with an alkali, while the fusible white precipitate 
loses three-quarters of its N as NHj under the same treatment ; he concludes that 
they are both double compounds of ammonium chloride and mercurammonium 
chloride, the infusible being NHgsCI.NH^Cl, and the fusible NHgjCl.sNH^Ol. 

291. Calomel, sithchloride or protochloride of mercury, or mercuroits 
chloride (HgoCl,), unlike corrosive sublimate, is insoluble in water, so 
that it is precipitated when hydrochloric acid or a soluble chloride is 
added to mercurous nitrate. The simplest mode of manufacturing it 
consists in intimately mixing a molecular weight of corrosive sublimate 
with an atomic weight of metallic mercury, a little water being added 
to prevent dust, drying the mixture thoroughly, and subliming it; 
HgCl, Hg = HgjCL. But it is more commonly made by adding 
another atomic weight of mercmy to the materials employed in the pre- 
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paration of corrosive sublimate ; HgSO^ + Hg + els aCl = IIg„C]„ + ]S a^SO^. 
The calomel condenses as a translucent, fibrous cake on the cool pai^ of 
the subliming vessels. For medicinal purposes, the calomel^ is obtained 
in a very fine state of division by conducting the vapour into a large 
chamber so as to precipitate it in a fine powder by contact with a large 
volume of cold air. Steam is sometimes introduced to promote its fine 
division. Sublimed calomel always contains some corrosive sublimate, 
so that it must be thoroughly washed until water before being employed 
in medicine. When perfectly pure c.alomel is sublimed, a little is alw.ays 
decomposed dm-ing the process into met.allic mercury and corrosive 
sublimate. 

Calomel is met with either .as a semi-transparent fibrous mass, or an 
amorphous powder, with a slightly yellow tinge. Light slowly^ decom- 
poses it, turning it grey from separation of mercurj\ It is he.avier than 
corrosive sublimate (sp. gr. j.iS), and does not fuse before subliming j 
it may be obtained in four-sided prisms by slow sublim.ation. Diluted 
acids will not dissolve it, but boiling nitric acid gradually converts it 
into mercuric chloride and nitrate, ■which pass into solution Boiling 
hydrochloric acid turns it grey, some mercury being separated, and 
mercuric chloride dissolved. ISIercuric nitrate dissolves it, forming 
mercuric chloride and mercurous nitrate. Alkaline solutions convert 
it into black mercurous oxide, as is seen in hlack-wash, made by treating 
calomel with lime water; HgjCl, 4- Oa(OH)j = HgjO + CaCl, + HjO. Solu- 
tion of ammonia converts it into a grey compound (NH.HgjCl), which is 
the analogue of white precipitate (NHjHg"Cl), contsiining 'Hg', in place 
of Hg". Calomel is found as horn quicksilver at Idria and Almaden, 
crystallised in rhombic prisms. 

Since calomel is dissociated by heat into Hg and HgCl, its vapour 
density does not decide its molecular weight. When, however, the 
vaporisation is performed in presence of HgCL, so that the dissociation 
is hindered (p. 289), the vapour density is found to be about 117.5, 
showing that HgOl is most probably the molecular formula for calomel. 
The presence of metallic mercury in calomel vapour is sho'wn by the 
deposition of minute globules of mercury on a cold tube coated with gold 
immersed in the vapour at 440° C. 

Mercurous iodide, Hgjij, is a green unstable substance, formed when iodine is 
triturated -with an exces's of mercury and a little alcohol, or by precipitating 
mercurous nitrate with potassium iodide. With care, it may be sublimed in 
yellow crystals, isomorphous with mercurous chloride, but if sharply heated, it 
is decomposed into Hg and Hgl„. Potassium iodide decomposes it in a similar 
way, dissolving the mercuric iodide. « When mercuric chloride is boiled with HGl 
and copper the solution gives with KI a dark red precipitate of mercuroso-mercuric 
iodide, insoluble in excess of the KI. 

Mercuric iodide, or iodine scarlet, HgL, is the bright red precipitate produced 
by potassium iodide in inercuric chloride. At the moment of precipitation it 
is yellow, rapidly becoming fawn-coloured and red. When the dry mercuric 
iodide is heated, it becomes bright yellow, and remains so on cooling until 
touched with a hard body, when it becomes red again, the colour spreading from 
the point touched. Under the microscope, the red iodide is seen to be octahedral 
and the yellow to consist of rhombic tables. When the yellow iodide is heated 
it fuses easily (238° C.), becomes brown, and is converted into a colourless vapour 
which condenses in yellow crystals on a cold surface. 

A very beautiful experiment is made by gently beating mercuric iodide in a 
large porcelain crucible covered with a dial-glass ; the yellow iodide is deposited 
in crystals pro]ecting from the under surface of the glass, and if this be placed 
on the table with the crystals upwards, and some of these be touched with a 
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needle, the red spots appear like poppies among corn, and the blush gradually 
spreads over the entire field, attended by a rustling movement caused by the 
change in crystalline form.* 

The transformation of the yellow Hglj into the red HgL evolves 3000 gram- 
units of heat. . Mercuric iodide dissolves in hot alcohol, and crystallises in red . 
octahedra. Ether also dissolves it. It is freely soluble in solutions of mercuric 
chloride and potassium iodide. The latter yields yellow prisms of 2(Hgl2.KI).3Aq. 
The solution of this salt mixed with potash forms 2^essler’s solution, which gives 
n. brown precipitate with very minute quantities of ammonia — 

nHglj + 3KOH + NH3 = NHg^I.H^O + 3KI _+ 2H„0. 

The vapour density of mercuric iodide is of course very high, being 15.68 times 
that of air, showing that the formula Hgl^ represents two volumes. 

292. Sulphides of mercury. — ^When mercury is triturated with sul- 
phur, the black subsulphide of mercury, or mercurous sulphide (HgjS), is 
formed ; it was termed by old writers Ethiop's mineral, and is an 
unstable compound easily resolvable into metallic mercury and mercuric 
.sulphide (HgS). The latter has been mentioned as the principal ore of 
mercury, and is important as composing vermilion. The native mer- 
curic sulphide, or cinnabar, is found sometimes in amorphous masses, 
sometimes crystallised in six-sided prisms varying in colour from dark 
brown to bright red. It may be distinguished from most other 
minerals by its great weight (sp. gr. 8.2), and by its red colour when 
scraped with a knife. Neither hydrochloric nor nitric acid, separately, 
will dissolve it, but a mixture of the two dissolves it as mercuric 
chloride, with separation of sulphur. Some specimens of cinnabar have 
a bright red colour, so that they only require grinding and levigating to 
be used as vermilion ; and if the brown cinnabar in powder be heated 
for some time at 120° F. (49° 0.) with a solution of sulphur in potash, 
it is converted into vermilion. 

Of the artificial mercuric sulphide there are two varieties — the black, 
which is precipitated when corrosive sublimate is added to hydrosulphuric 
acid or a soluble sulphide, and the red (vermilion), into which the black 
variety is converted by sublimation, or by prolonged contact with 
solutions of alkaline sulphides containing excess of sulphur, though, so 
■ far as is known, the conversion is efiected without chemical change, the 
red sulphide having the same composition as the black. In Idria and 
Holland, 6 parts of mercury and i of sulphur are well agitated together 
in revolving casks for several hours and the black sulphide thus obtained 
is sublimed in tall earthen pots closed with iron plates, when the 
vermilion is deposited in the upper part of the pots, and is afterwards 
ground and levigated. One of the wet processes for making vermilion 
consists in triturating 300 parts of mercury with 114 parts of sulphur 
for two or three hours, and digesting the black product, at about 120° F. 
(49° 0.), ivith 75 parts of caustic potash and 400 of water until it 
has acquired a fine red colour. The vermilion made by the dry process 
is the more highly prized. The permanence of vermilion paint is, of 
course, attributable to the circumstance that it resists the action of light, 
of oxygen, carbonic acid, aqueous vapour, and even of the sulphuretted 
hydrogen, and sulphurous or sulphuric acid which contaminate the air 
of towns, whereas the red paints containing lead are blackened by 
sulphuretted hydrogen, and all vegetable and animal reds are liable to 
be bleached by atmospheric oxygen and by sulphurous acid. 

The conversion of the black mercuric sulphide into the red form is quickly 
• The author is indebted for this experiment to Mr. Herbert Jackson, of King’s College. 
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■effected by boiling it with freshly prepared ammonium polysulphide -(made by 
saturating ammonia with H„S and dissolving sulphur in the liquid, gently warmed, 
until it has a dark sherry co'lour). If this solution be poured upon the freshly 
precipitated black sulphide, and boiled for a minute, the sulphide assumes a 
•crystalline appearance, and a bright vermilion colour (Herbert Jackson). 

If the black sulphide be boiled with potassium sulphide and potash, it is dis- 
solved, and the solution deposits white needles of HgS. ILR. sHoO, which are decom- 
posed by water. ' . 

When the black precipitated mercuric sulphide is boiled with solution of corro- 
sive sublimate, it is converted into a white chlorosiilphidc of mercury, HgCL.aHgS, 
which is also formed when a smaU quantity of hydrosulphuric acid is added to 
corrosive sublimate, becoming yellow, brown, and black on adding more H„S._ 

Vermilion may be prepared by adding HgCL to a slight excess of dilute 
ammonia, nearly dissolving the precipitate in sodium thiosulphate (hyposulphite) 
and heating, when a bright yellow precipitate is obtained, which becomes bright 
red on boiling. 

By suspending HgS in air-free water and passing H;S, a dark-coloured solution 
cf colloidal mercuric sulphide can be obtained. 


It is remarkable that the density of its vapour indicates that tlie 
molecule of vermilion, HgS, occupies 3 volumes instead of 2, containing 

2 volumes of mercury vapour combined witb i volume of sulphur vapour. 
The anomaly might be explained on the supposition that the high 
temperature requisite to convert the vermilion into vapour suffices to 
suspend the attraction between its elements, so that the vapour of which 
the specific gravity is taken is not really that of the compound of mercury 
and sulphur (which should occupy 2 volumes), but a mixture of the 2 
volumes of mercury vapour and 1 volume of sulphur vapour, occupying 

3 volumes. This view of the temporary decomposition of the vapour 
receives some slight support from the convertibility of the black into the 
red sulphide by sublimation. 

Mercury belongs to the Magnesium family of metals (p. 346). 


PLATINUM. 

Pt=i95 parts by weight. 

293. Platinum {platina, Spanish diminutive of silver) is remarkable 
for (i) its high specific gravity of 21.5 ; (2) its very high fusing point, 
•1775° 0-; (3) slight expansion when heated, which allows it to be 
sealed into glass without cracking by unequal contraction on cooling ; 
(4) its being unchanged* by air at all temperatures ; (5) its resistance 
to the action of strong acids; (6) its power of inducing the combination 
of oxygen with other bodies ; (7) its being found in nature only in the 
metallic state. It is found, distributed in flattened grains through alluvial 
deposits similar to those in which gold is found ; indeed, these grains are 
generally accompanied by grains of gold, and of a group of very rare 
metals only found in platinum ores, viz., palladium, iridium, osmium, 
rhodium, and ruthenium. Russia furnishes the largest supply of 
platinum from the Ural Mountains, but smaller quantities are obtained 
from Brazil, Peru, Borneo, Australia, and California. 

The process for obtaining the platinum in a marketable form is rather 
a chemical than a metallurgical operation. The ore containing the grains 
of platinum and the associated metals, is heated with hydrochloric acid 
to dissolve base metals, and then, in retorts, with aqua regia, which 
dissolves palladium, rhodium, platinum, and a little iridium as^ chlorides. 
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The osmium in the ore partly distils over as osmic acid and partly remains 
undissolved as an alloy with the iridium {psmiridium), together with 
ruthenium, chrome iron ore, and titanic iron. The solution containing 
the platinum as PtOl^ is neutralised with NajCOj and the palladium is 
precipitated as cyanide, Pd(CN'),, by the addition of mercuric cyanide. 
The platinum is now precipitated by the addition of ammonium chloride, 
with which platinic chloride combines to form a yellow, sparingly soluble 
salt (ammonium platinochloride (hIH^)2PtClg or cNH^Ol.PtCl^).* TTiis 
precipitate is collected, washed, and heated to redness, when all its 

constituents, except the platinum, are expelled 
in the form of gas, that metal being left in 
the peculiar porous condition in which it is 
known as spongy platinum. To convert this 
into compact platinum it is melted in a lime 
furnace by means of the oxyhydrogen blow- 
pipe (fig. 250), whence it is poured into an 
ingot mould made of gas-carbon. The melted 
platinum absorbs oxygen, as melted silver 
does, and evolves it again on cooling. 

This method is now modified by fusing the ore 
with 6 parts of lead, and treating the alloy with 
dilute nitric acid (i : 8), which dissolves most of 
Fig. 250. the lead, together with copper, iron, palladium, 

and rhodium. The residue, containing platinum, 
lead, and iridium, is treated with dilute aqua regia, which leaves the iridium un- 
dissolved. The lead is precipitated by sulphuric acid, and the solution of platinic 
chloride treated as above. 

Another process for obtaining platinum from its ores is based upon the tendency 
of this metal to dissolve in melted lead. The platinum ore is fused in a small 
reverberatory furnace, with an equal weight of sulphide of lead and the same 
quantity of oxide of lead, when the sulphur and oxygen escape as sulphurous acid 
gas, and the reduced lead dissolves the platinum, leaving undissolved a very 
heavy alloy of osmium and iridium, which sinks to the bottom. The upper part 
of the alloy of lead and platinum is then ladled out and cupelled (page 424), 
when the latter metal is left in a spongy condition, the lead being removed in 
the form of oxide. 

Its resistance to the action of high temperatures and of most chemical 
agents renders platinum of the greatest service in chemical operations. 
It will be remembered that platinum stills are employed, even on the 
large scale, for the concentration of sulphuric acid. In the form of 
basins, small crucibles, foil, and wire, this metal is indispensable to the 
analytical chemist. Unfortunately, it is softer than silver, and there- 
fore iU-adapted for wear, and is so heavy that even small vessels must 
be made very thin in order not to be too heavy for a delicate balance. 
Commercial platinum generally contains a little iridium, which hardens 
it and increases its elasticity. Its malleability and ductility are very 
considerable, so that it is easily rolled into thin foil and drawn into fine 
wires ; in ductility it is surpassed only by gold and silver, and it has 
been drawn, by an ingenious contrivance of Wollaston’s, into wire of 
only .jj^j^^th of an inch in diameter, a mile of which (notwithstanding 
the high specific gravity of the metal) would only weigh a single grain. 

• "WTien rhodium is present, the liquid from which this precipitate has been deposited 
will have a rose colour. The precipitate is then mixed with bisulphate of potassium and 
a little bisnlphate of ammonium, and heated to redness in a platinum dish. The rhodium 
is then converted into a double sulphate of rhodium and potassium, whichmay be removed 
from the spongy platinum by boiling with water. 
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This remarkable extension of the metal was effected by casting a cylinder 
of silver around a very thin platinum wire obtained by the ordinary 
pi’ocess of wire-drawing j -when the cylinder of silver, with the platinum 
■wire in its centre, was itself dra'ttui out into an extremely thin ■wire, of 
course the platinum core would have become inconceivably thin, and 
when the silver casing was dissolved off by nitric acid, this minute fila- 
ment of platinum was left. Platinum is sometimes employed for the 
toucb-boles of fowling-pieces on account of its resistance to corrosion. 
Au alloy of 4 parts platinum, 3 parts silver, and i part copper is used 
for pens. _ _ ‘ _ 

The remarkable power possessed by platinum, of inducing chemical 
combination between ox3^gen and otlier gases, has already been noticed. 
Even the compact metal possesses this property, as may be seen by 
heating a piece of platinum foil to redness in the flame of a gauze gas- 
burner, rapidly extinguishing the gas, and turning it on again, when 
the cold stream of gas will still maintain the metal at a red heat, in 
consequence of the combination with atmospheric oxygen at the surface 
of the platinum. 

A similar experiment may be made by suspending a coil of platinum ■wire in the 
flame of a spirit lamp (fig. 251), and suddenly extinguishing the flame, when the 
metal is intensely heated, by placing the mouth of a test-tube over it ; the wire 
will continue to glow by inducing the combination of the spirit 
vapour "with oxygen on its surface. By substituting a little ball 
of spongy platinum for the coil of platinum wire, and mixing 
some fragrant essential oil with the spirit, an elegant perfuming 
lamp has been contrived. Upon the same principle an instan- 
taneous light apparatus has been made, in which a jet of hydrogen 
gas is kindled by falling upon a fragment of cold spongy plati- 
num, which at once ignites it by inducing its combination with 
the oxygen condensed within the pores of the metal (Ddbereiner's 
lamp). Spongy platinum is obtained in a very active form by 
heating the ammonio-chloride of platinum very gently in a 
stream of coal gas or hydrogen as long as any fumes of hydro- 
chloric acid are evolved. 

If platinum be precipitated in the metallic state from a solution, it is obtained 
in the form of a powder, called platinum black, which possesses this power of 
promoting combination with oxygen in the highest perfection. This form of 
platinum may be obtained by boiling solution of platinic chloride ■with Rochelle 
salt (potassium sodium tartrate), or by dropping it into a boiling mixture of 
3 vols. glycerin and 2 vols. KOH of sp. gr. 1.08, when the platinum black is preci- 
pitated, and^must be filtered off, washed, and dried at a gentle heat. 

Platinum in this form is capable of absorbing 800 times its volume of oxygen, 
which does not enter into combination with it, but is simply condensed into its 
pores, and is available for combination with other bodies. A jet of hydrogen 
allowed ■to pass on to a grain or two of this powder is kindled at once, and if a 
few particles of it be thrown into a mixture of hydrogen and oxygen, explosion 
immediately follows, A drop of alcohol is also inflamed when allowed to fall 
upon a little of the powder. Platinum black loses its activity after having been 
heated to redness. It has been stated that platinum black is really an oxide, and 
that the combustion of hydrogen and oxygen in presence of platinum is to be 
explained by the formation, at first, of an unstable hydride of platinum, with de- 
velopment of heat, which is oxidised with a still further development of heat. 
By a continued repetition of these changes, the platinum is raised to the tempera- 
ture necessary for ignition. 

Altliougli platinum resists the action of hydrochloric and nitric acids, 
unless they are mixed, and is unaffected at the ordinary temperature by 
other chemical agents, it is easily attacked at high temperatures by 
phosphorus, arsenic, carbon, boron, silicon, and by a large number of 
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the metals ; the caustic alkalies and alkaline earths also corrode it when 
heated, so that some discretion is necessary in the use of vessels made 
of this costly metal.* When platinum is alloyed with 10 parts of silver, 
both metals may be dissolved by nitric acid. 

If platimim be, dissolved in 4 or 5 parts of melted tin; and the alloy boiled 
with hydrochloric acid mixed with an equal bulk of water, glistening scales are 
left, resembling graphite, and soiling the fingers. This contains platinum, mn, 
chlorine, hydrogen, and oxygen. By treatment with warm dilute ammonia, it 
becomes brownish, and when dried in a vacuum over sulphuric acid, has the 
composition Pt„Sn 304 H 2 . When this is heated in dry oxygen, it becomes PLSnaO^, 
Heated in hydrogen it leaves a greyish almost infusible powder containing PtjSnj, 

294, Oxides of platinum, — Only one compound of platinum with 
oxygen is known in the separate state, the other having been obtained 
in combination with water, Platinous oxide, PtO, is precipitated as a 
black hydrate by decomposing platinous chloride with potash, and 
neutralising .the solution with dilute sulphuric acid. It is a feeble base, 
and decomposes when heated, leaving metallic platinum, Platinic oxide, 
PtOj, is also a weak base, but is characteidstically an acid oxide, 

Platinic hyd/i'oxide, Pt(0H)4, is obtained by boiling platinic chloride 
with potash, and treating the precipitate with acetic acid ; this leaves a 
nearly white powder, Pt(0H)4,2ll20, At 100° C. this becomes brown 
Pt(OH)4, Acids dissolve it, forming platinic salts. Alkalies dissolve it, 
forming platinates. Heat reduces the oxides and hydroxides to metallic 
platinum. 

Sodium plaiinaie, Ha20,3Pt02,6Aq, may be crystallised from a solution 
of the hydroxide in soda. Calcium plaiinate is convenient for the separa- 
tion of platinum from iridium, which is generally contained in the com- 
mercial metal ; for this purpose, the platinum is dissolved in nitrb- 
hydrochloric acid, the solution evaporated till it solidifies on cooling, 
the mixed chlorides of iridium and platinum dissolved in water, and 
decomposed with an excess of lime without exposure to light ; the platinum 
then passes into solution as calcium platinate, and the platinic acid may 
be separated as a calcium salt from the filtered solution, by exposure 
to light. If platinic hydroxide be dissolved in diluted sulphuric acid and 
the solution mixed with excess of ammonia, a black precipitate of ful- 
minating platinum is obtained, which detonates violently at about 
400° P, (204° 0 ,), This compound is said to have a composition corre- 
sponding with the formula H2H2Pt",4H20, or a combination of water with 
a double molecule of ammonia (N^Hg), in which 4 atoms of hydrogen 
are replaced by i atom of tetrad platinum, 

295, Chlorides op platinum, — The perchloride or platinic chloride 
(PtOl^), is the most useful salt of the metal, and may be prepared by 
dissolving scraps of platinum-foil in a mixture of four measures of 
hydrochloric acid with one of nitric acid (100 grs, or 6,5 grms, of 
platinum require 2 measured ounces or 56 c,c, of hydrochloric acid), 
evaporating the liquid at a gentle heat to the consistence of a syrup, 
redissolving in hydrochloric acid, and again evaporating to expel excess 
of nitric acid. The syrupy liquid solidifies, on cooling, to a red-brown 
mass, which is very deliquescent, and dissolves easily in water or alcohol 
to a red-brown solution. If the concentrated solution be allowed to 

* 'WTion platinum leaf is heated with HCl at 150° in a sealed tube it dissolves, but the 
chloride is subsequently reduced by the hydrogen evolved, and the metal reappears as 
crystals on the sides of the tube. The same has been observed of gold and silver leaf. 
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cool before all the free hydrochloric acid has been expelled, long brown 
prismatic crystals of a combination of platinic chloride with hydrochloric 
acid are obtained (PtOl4.2IiCl.6Aq). If these are heated in dry liCl, 
the anhydrous PtOl4 is obtained in a non-deliquescent condition ; it 
decomposes Na^OOg, evolving CO,. Platinic chloride is remarkable for 
its disposition to form sparingly soluble double chlorides wth the chlo- 
rides of the alkali metals and the hydrochlorides of organic bases, a 
property of great value to the chemist in effecting the detection and 
separation of these bodies. These double chlorides are generally regarded 
as platinochlorides or cldoroplaiinaies, derived from hydrogen plaiino- 
cMoroide, or chloroplatinie acid, H,PtClg. 

A good example of this has lately been afforded in the separation of potassium, 
rubidium, and cajsium. The chlorides of these three metals having been 
separated from the various other salts contained in the mineral water in which 
they occur, are precipitated with platinic chloride, which forms combinations 
with all the three chlorides. The platino-chloride of potassium is more easily 
dissolved by boiling water than are those of rubidium and cfesium, and is removed 
by boiling the mixed precipitate with small portions of water as long as the latter 
' acquires a yellow colour. The remaining platino-cldorides of rubidium and 
csesium are then heated in a current of hydrogen, which reduces the platinum to 
the metallic state, and the chlorides may then be extracted by water, in which 
they are very soluble. 

Potassium platinocldoride (2KGl.PfcCl4) forms minute yellow octa- 
hedral crystals ; those of rubidium and csesium have a similar composi- 
tion and crystalline form. Sodium platinocldoride differs from these 
in being very soluble in water and alcohol ; it may be crystallised in 
long red prisms, having the composition zNaCl.PtCl^.b Aq. Ammonium 
platinochloride (2NH4Cl.PtCl4) has been already noticed as the form in 
which platinum is precipitated in order to separate it from other metals. 
It crystallises, like the potassium-salt, in yellow octahedi’a, which are 
very sparingly soluble in water and insoluble in alcohol. It is the form 
into which nitrogen is finally converted in analysis in order to determine 
its weight. When heated to redness, this salt leaves a residue of spongy 
platinum. Silver nitrate, added in excess to platinic chloride containing 
HOI, precipitates all the platinum as 2AgCl.Pt0l4, a yellow precipitate 
decomposed by water. 

Platinic chloride is sometimes used for browning gun-barrels, <kc,, 
under the name of muriate of platina. 

Frotocliloride of platinum, 01 platinous chloride (PtCL). — Platinic chloride may be 
heated to 450° P. (232° 0 .) without decomposition, but above that temperature it 
evolves chlorine, and^ is slowly converted into the platinous chloride, which is 
reduced, at a much higher temperature, to the metallic state. Platinous chloride 
forms a dingy green powder, which is insoluble in water and in nitric and sul- 
phuric acids, but dissolves in hot hydrochloric acid, and in solution of platinic 
chloride, yielding in the former a bright red, in the latter a very dark brown-red 
solution. Platinous chloride is capable of absorbing ethylene, C.dl4. At 250° C. 
It absorbs CO and forms the crystalline volatile compounds PtCLTCO, PtCL,(CO)„, 

non-volatile compound PtCl2.2C0CL. Its solution in 
hydrochloric add is pot precipitated by potassium chloride, but a soluble double 
chlonde (aKCLPtCy may be crystallised from the liquid. If ammonium chloride 
be added_ to the hydrochloric solution, a double salt, 2NH4Cl.PtCl2, ammonium 
cnlorqplatimte,ma,y be obtained in yellow crystals by evaporation. If, instead of 
ammonium chloride, free ammonia be added in excess to the boiling solution of 
platinous chloride in hydrochloric acid, brilliant green needles {green salt of 
jJagn^) are deposited on cooling, which contain the elements of platinous 
chloride and ammonia, PtCh(NH3)2 ; t)ut from the behaviour of this compound 
with chemical agents, its true formula would appear to be NoH^PfCL,, in which 
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the place of two atoms of hydrogen in 2 molecules of ammonium chloride iS' 
occupied by platinum. By heating this salt with an excess of ammonia, the 
solution, on cooling, deposits yellowish-white prismatic crystals of di]}latosamine 
hydrochloride, N^HioPf'.aHOl.Aq, the production of which may be represented by 
the equation N„H5pt"Cl2-f 2NH3=N4H,oPt".2_HCl. By decomposing a solution of 
this salt with silver sulphate, the diplatosamine sulphate is obtained. 

N^Hj„Pt''.2HCl + Ag,SO^ = N^HjoPf'.H^SOi 2AgCL 
When the solution of diplatosamine sulphate is treated with barium hydropde, 
barium sulphate is precipitated, and a powerfully alkaline solution is obtained, 
which yields crystals of diplatosamine hydrate, N^H^Pf'.aHoO, a strong alkali 
which may be regarded as a compound of water with 4 molecules of ammonia 
in which two atoms of hydrogen are replaced by platinum. The di- 
platosamine hydrate has a strong resemblance to the alkalies, eagerly absorbing 
carbonic acid from the air, and expelling ammonia from its salts. When the 
hydrate of diplatosamine is heated to 110° C. it gives off water and ammonia, and 
becomes converted into a grey insoluble substance, which is platosamine hydrate, 
N2H4Pt".H20, and may be regarded as a compound of water with a double mole- 
cule of ammonia (N2H2), in which one-third of the hydrogen is replaced by plati- 
num. This substance is also a base, and forms salts, most of which are insoluble 
the platosamine sulphate, NnH^Pt.H^SOyAq, may be regarded as ammonium 
sulphate, (NH4)„S04, in which 2 atoms of the hydrogen are replaced by platinum. 
The platosamine hydrochloride (N2H4Pt.2HCl) is isomeric with the green salt of 
Magnus, and may be obtained from that compound by dissolving in a hot solution 
of ammonium sulphate from which it crystallises on cooling.* 

If the platosamine hydrochloride, suspended in boiling water, be treated with 
chlorine, it is converted into platinamine hydrochloride, N2H2Ptn'.4HCl. The con- 
version of the platosamine hydrochloride into platinamine hydrochloride may 
be represented by the equation N2H4Pt.2HCl + 0l2=N2H2pt.4HCI. By boiling 
the platinamine hydrochloride with silver nitrate, it is converted into jjZotin- 
flmme N2H2Pt(HN 03)4 ; and when this is dissolved in boiling water and 

decomposed by ammonia, the platinamine hydrate (N2H2Pt.4H20) is obtained 
in yellow prismatic crystals, having the same composition as that assigned to 
fulminating platinum. 

Several other platinum compounds derived from ammonia have been obtained, 
but cannot at present be so conveniently classified. The following table exhibits 
the composition of those here enumerated, the platinum as it exists in platinous 
chloride (PtCU, occupying the place of 2 atoms of hydrogen, being represented 
by Pt", and the platinum as it exists in platinio chloride (PtCl,) occupying the 
place of 4 atoms of hydrogen, by Ptw : — 

Platosamine hydrate .... N2H4Pt''.H20 
„ hydrochloride . . . NjE^jP^-aHCl 

„ sulphate .... N2H4Pt".H,2S04Aq 
Platinamine hydrate .... N2H2Pti''.4'H20 
„ hydrochloride . . . N2H2Pt*^.4HCl 

Diplatosamine hydrate .... N4Hi„Pt".2H20 

„ hydrochloride . . N4H,„Pt''.2HCl.Aq 

„ sulphate .... N4H,(,Pt".H2S04 

Some of the salts of diplatinamine (N4HjPt*'^) have been obtained, this base being 
derived from 4 molecules of ammonia in which H4 have been replaced by Pt''". 

Platinic iodide, Ptl4, is a dark brown amorphous substance which is soluble 
in HI, yielding a purple-red solution containing 2HI.PtI4.9Aq, which may be 
crystallised. Hence the dark red colour when an acid solution of PtOl4 is added 
to potassium iodide. 1 

The s^dphides of ptlatinum correspond in composition with the oxides and 
chlorides, and may be obtained by the action of hydrosulphuric acid upon the 
respective chlorides, as black precipitates. PtS„ combines with alkaline sulphides 
to form soluble compounds. K2S.3PtS.PtS, is obtained by fusing spongy platinum 
with KOH and sulphur. 

• The salts of diplatosamine are distinguished from those of platosamine by the action 
of nitrous acid, which gives a fine blue or green precipitate or coloration with the former. 
Tor the cause of this change, and for many other interesting points in the history of these 
platinum compounds, the reader is referred to the elaborate and accurate memoir by 
Hadow, Journal of the Chemical Society, August 1866. 
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Platinum phosphide, PtP.,, and arsenide, PfcAs,^ are lustrous metallic bodies formed 
by direct combination at a high temperature. ^ , 

296. Palladium (Pd= 106.25) is found in small quantity associated with native 
o-old and platinum. It presents a great general resemblance to platinum, but is 
distinguished from it by being far more easily oxidised, and by its forming an 
insoluble cyanide. This circumstance is taken advantage of in separating pal- 
ladium from the platinum ores (page 464). The cyanide yields spongy palladmm 
when heated, which may be fused in the same manner as platinum. When 
alloyed with native gold, palladium is separated by fusing the alloy with silver, 
and boiling it with nitric acid, which leaves the gold undissolved. The silver as 
precipitated from the solution as chloride, by adding sodium chloride, and 
metallic zinc is placed in the liquid, which precipitates the palladium, lead, a,nd 
copper as a black powder. This is dissolved in nitric acid, and the solution 
mixed with an excess of ammonia, which precipitates the lead oxide, leaving the 
tcopper and palladium in solution. On adding hydrochloric acid in slight excess, 
a yellow precipitate oipalladaminehydrochloride (N„HjPd.2HCl) is obtained, which 
leaves metallic palladium when heated. 

Palladium is harder than platinum and much lighter (sp. gr. 11.5) ; it is malle- 
able and ductile like that metal; it melts at 1500° C. It is unchangeable in air 
unless heated, when it becomes blue from superficial oxidation, but regains its 
whiteness when further heated, the oxide being decomposed. Unlike platinurn, 
it may be dissolved by nitric acid, forming nitrate, Pd(N03).^, which is 

sometimes employed in analysis for precipitating iodine from the iodides, in the 
form of black •palladmm iodide (Pdl^. Palladium is useful, on account of its 
hardness, lightness, and resistance to tarnish, in the construction of philosophical 
instruments ; alloyed with twice its weight of silver, it is used for small weights. 
Its capacity for absorbing hydrogen has been already noticed (p. 46). 

Palladium forms three oxides; Pd^O is formed when the metal is heated in air ; 
PdO is left when Pd(NO,)„is gently ’heated ; PdO„is precipitated by boiling PdCl^ 
with NajCOj. Palladia chloride (PdCl^) is very unstable, being easily decomposed, 
even in ’solution, into palladous chloride (PdCL) and free chlorine. The latter 
chloride is reduced by hydrogen in the cold, and may be applied as a test for this 
gas. Both the chlorides form double salts with the alkaline chlorides ; ammonium 
chlorqpalladite, PdCL.zNH^Cl, has a dark green colour. PdCl is said to be formed 
when PdCL is gently heated. Pulverulent palladium carhide is formed when the 
metal is heated in the flame of a spirit-lamp, or in gaseous hydrocarbons. 

297. Rhodium (Rh=:io3), another of the metals associated with the ores of 
platinum, has acquired its name from the red colour of many of its salts {p6oor, 
a rose). It is obtained from the solution of the ore in aqua regia by precipitating 
the _ platinum with ammonium chloride, neutralising with sodium carbonate, 
adding mercuric cyanide to separate the palladium, and evaporating the filtered 
solution to dryness with excess of hydrochloric acid. On treating the residue 
with alcohol, the double chloride of rhodium and sodium is left undissolved as a 
red powder. By heating this in a tube through which hydrogen is passed, the rho- 
dium is reduced to the metallic state, and the sodium chloride may be washed out 
with water, leaving a grey powder of metallic rhodium , which is fused by the oxy hy- 
drogen blowpipe at 2000° .0., and forms a very hard malleable metal (sp. gr. 12. i) 
not _ dissolved even by aqua regia, although this acid dissolves it in ores of 
platinum, because it is alloyed with other metals. If platinum be alloyed with 
30 per cent, of rhodium, however, it is not affected by aqua regia, which will 
probably render the alloy useful for chemical vessels. Rhodium may be brought 
into solution by fusing it ivith bisulphate of potash, when sulphurous acid gas 
•escapes, and. a double sulphate of rhodium and potassium is formed, which gives 
a pink solution in water. When rhodium is melted with zinc and the aUoy is 
boiled with an acid, the rhodium is left as a black powder which is apparently an 
allotropic form of the metal, for when it is heated it explodes, but remains 
metelhc rhodium. linely divided rhodium is oxidised, when heated in air, to 
u i appear to be three other oxides, namely, RhjOa, which is left when 
• j heated RhO^, formed when the metal is fused with KOH 

and IvNOj ; RhOj, formed by heating the hydrated dioxide (which is a green 
precipitate obtained when chlorine is passed into potash containing Rh„ 0 „) with 
nitric acid. The sesquioxide (Rh„Os) is the most stable of these ; it is riot easily 
decomposed by heat, and is insoluble in acids, though it is a basic oxide, and its 
salts, which have a red colour, are obtained by indirect methods. 
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The salts of rhodium are only of one type— RX3. Eliodium trichloride, EhClj, 
obtained by heating the metal in chlorine, has a brownish-red colour and is 
insoluble ; it may, however, be obtained in a red solution by dissolving the 
hydrated EhoO^ in HCl. Rhodium recalls chromium in that its salts are capable 
of existing in two forms ; thus, when the red solution of rhodium chloride is 
boiled with a strong solution of alkali, black Eh(0H)3 is thrown down, but when 
the alkali is added by degrees, yellow Rh(OH)g is precipitated ; this dissolves to a 
yellow solution in acids, which becomes red only on boiling. Like chromium, 
too, rhodium salts form a series of amines (p. 395). EbClj forms two classes of 
double salts with the alkali chlorides— for instance, KjEhClg-sHgO and 
K.EhCl5.H„0. The double chloride of rhodium and sodium (3NaCI.RhCl3) is 
prepared by heating a mixture of pulverulent rhodium and sodium chloride m a 
current of chlorine. It crystallises in red octahedra with pAq. On boiling a 
solution of rhodium trichloride with ammonia in excess, a yellow ammoniated 
salt (RhCl3. 5NH3) may be crystallised out, from which metallic rhodium may be 
obtained by ignition. 

IVith sulphur, rhodium combines energeticaUy at a high temperature ; a mono- 
sulphide and a sesquisulphide have been obtained. 

An alloy of gold with between 30 and 40 per cent, of rhodium has been found 
in Mexico. 

An alloy of platinum with 10 per cent, of rhodium is used as one of the metals, 
platinum being the other, of the thermo-electric couple used as a pyrometer. 

29S. Osmium (Os =190.8) is characterised by its yielding a very volatile acid 
oxide {perosmic otiliydride, OsO^), the vapours of which have a very irritating 
odour [otTn-h, odour). It occurs in the ores of platinum in flat scales, consisting of 
an alloy of osmium, iridium, ruthenium, and rhodium. This alloy is also found 
associated with native gold, and, being very heavy, it accumulates at the bottom 
of the crucible in which the gold is melted. The osmium alloy is extremely hard, 
and has been used to tip the points of gold pens. When a grain of it happens to 
be present in the gold which is being coined, it often seriously injures the die. 
When the platinum ore is treated with aqua regia, this alloy is left undissolyed, 
together with grains of chrome-iron ore and titanic iron. To extract the osmium 
from this residue, it is heated in a porcelain tube through which a current of dry 
air is passed, when the osmium is converted into perosmic anhydride, the vapour of 
which is carried forward by the current of air and condensed in bottles provided 
to receive it. The perosmic anhydride forms colourless prismatic cryst^s which 
fuse and volatilise below the boiling point of water, yielding a most irritating 
vapour, resembling chlorine. It is very soluble in water, giving a solution which 
exhales the same odour and stains the skin black ; tincture of galls gives a blue 
precipitate with the solution. Its acid properties are feeble, for it neither 
“reddens litmus uor decomposes the carbonates, and its salts are decomposed by 
boiling their solutions. Its solution in HCl gives a black precipitate of OsS^ 
with H„S. By passing a mixture of CO and vapour of OsO^ through a red-hot 
porcelain tube, amorphous osmium is obtained, and may be converted into the 
crystalline form by fusing it with tin and dissolving in HCl, when blue lustrous 
cubical crystals of osmium are obtained, which scratch glass, and are heavier 
than any other body, having the specific gra^'ity 22.48. It can be fused in the 
electric arc. 

By dissolving perosmic anhydride in potash, potassium perosmate is supposed 
to be formed, but this has not been isolated. When alcohol is added to this 
solution the OsO, is presumably reduced to OSO3, for rose-coloured crystals of 
qjotassium osmate, ILO.OsO3.2HoO, are deposited ; by treating this salt with nitric 
acid, osmic acid, H„OsOj, is obtained as a sooty-black powder, which tends to 
oxidise in air, yielding an odour of perosmic anhydride. 

When OsOj is dissolved in solution of S 0 „, osmtim sulphite, OSSO3, is obtained; 
this is almost the only osmium oxy-salt which is known. By adding an alkali to 
the solution, hydrated osmium monoxide, 0s0.7iH„0, is obtained as a blue-black 
powder soluble in HCl to a blue solution and easily oxidised. OSoOg and OsO„ are 
obtained by heating potassium osmochloride, 3KCI.OSCI3, and osmichloride, 
aKCl.OsClj, respectively with an alkali carbonate in absence of air. 

Osmium dichloride, OsCU and tetrachloride, OsCl^, are obtained as two distinct 
sublimates when the metal is heated in chlorine ; OsCh is the less volatile, and 
forms green needles, whilst OsClj is a dark-red powder. By mixing Os with 
KCl, heating the mixture in chlorine, treating the mass with water, and 
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evaporating, red octahedra of 2KC1.0sCl4 separate, whilst from the mother liquor 
3KCI. OsClj.'sHoO is crystallised. When bsmic acid is heated with HGl and alcohol 
and the solution is evaporated, crystals having the formula 0s„Cl,.7H„0 are 
formed ; these are red when dry, but dissolve in water and in alcohol to a green 
solution ; by adding KOI to the alcoholic solution, ILOsCl^ is precipitated, and 
w'hen the filtrate is evaporated, OsClj.sHoO crystallises. . 

Several compounds of osmium salts with ammonia [osmamincs) are knowm, and 
a “'potassium osmiamatc,” KNOsOj, is obtained by the action of NHjOn a solution 
of OsOj in KOH. 

299. Ruthenium {Eu= roi.6).*— In the process of extracting osmium from the 
residue left on treating the platinum ore with aqua regia, by heating in a current 
of air, square prismatic crystals of ruthenium dioxide (BuO.j) are deposited nearer 
to the heated portion of the tube than the perosmic anhydride, for the (Roxide is 
not itself volatile, being only carried forward mechanically. When RuOo is heated 
in H the metal is obtained ; it can be melted (1800° C.) in the electric arc, and is 
then a grey metal, very hard, brittle when cold but malleable when hot ;'its sp. gr. 
is 12.06. It is insoluble in acids. 'VlTien fused with zinc it yields an allotropic 
■form similar to that described for rhodium (p. 469). 

When ruthenium is heated at 1000° C. in oxygen the volatile oxide EuO^ is 
form.ed, and may be isolated if rapidly cooled, but when allowed to cool slowly 
it decomposes. The same oxide may be obtained by heating ruthenium wdth 
KNO3 and KOH, and saturating the solution of the fused mass with chlorine, 
when EuO^ sublimes. It is soluble in water, melts at 25.5°, and sublimes easily ; 
at 107° it decomposes explosively. It is decomposed by light, yielding, appa- 
rently, RuOj. 

The oxides EuO and EujOj are probably also known. Euthenates analogous to 
the osmates have been prepared. RuOU and RuOlj are formed -when the metal is 
heated in chlorine. The latter is insoluble in cold water, but dissolves in absolute 
alcohol to a purple- violet solution which becomes indigo-blue from absorption of 
water and formation of EuCl;.OH; the solution gradually deposits Ru(OH)3. 
Double chlorides analogous to those of osmium exist. 

Sulphates corresponding with EuO and EuoOg have been obtained. 

300. lEiDiusi (Ir=:i93.i) named from Iris,*</^e rainbow, in allusion to the varied 
colours of its compounds, has been.mentioned above as occurring in the insoluble 
alloy from the platinum ores. It is also sometimes found separately, and 
occasionally aUoyed with platinum, the alloy crystallising in octahedra, which 
are even heavier than platinum (sp. gr. 22.3). If the insoluble osmiridium alloy 
left by aqua regia be mixed with common salt and heated in a cmrrent of chlorine 
a mixture of the sodio-chlorides of the metals is obtained .and may be extracted 
by boiling water. If the solution be evaporated and distilled with nitric acid, 
the osmium is distilled off as perosmic anhydride, and by adding ammonium 
chloride to the residual solution, the iridium is precipitated as a dark red-brown 
ammonio-chloride, aNH^Cl.IrCl^, which leaves metallic iridium when heated. 
Like platinum, it then forms a grey- spongy mass, but is oxidised when heated in 
air, and may be fused (2500° C.) with the oxyhydrogen blowpipe to a hard 
brittle mass (sp. gr. 22.4), which does not oxidise in air. Like rhodium, it is not 
attacked by aqua^ regia, unless alloyed with platinum. By fusion with zinc it 
yields an allotropic form similar to that described for rhodium. The product of 
the oxidation of finely divided iridium in air is the sesquioxide (IroOg), which is a 
black powder used for imparting an intense black to porcelain ; it is insoluble in 
acids. ^ Tne monoxide (IrO) is also more easily acted upon by alkalies than by 
acids ; its solution in potash becomes blue when exposed to air, from the formation 
of the diojade (IrO„). The trioxide (IrO,) is green. The dichloride (IrCl„) and 
tetrachloride (IrCl^) of iridium resemble the corresponding chlorides of platinum 
' /? double salts with the alkaline chlorides. There is also a trichloride 

(IrClj), the solution of which has a green colour, and gives a yellow precipitate 
with mercurous nitrate, and a blue precipitate, soon becoming white, with silver 
nitrate. Double compounds of the chloride with ammonia (iridamines) are known. 
Indium resembles palladium in its disposition to combine with carbon when 
heated in the flame of a spirit-lamp. 

Salts of iridium correspond with the oxides IrO and InOj. 

An iridio-platinum alloy containing from 15 to 20 per cent, of iridium has been 

A mineral found in Borneo, and named fnwrife, contains sulphides of ruthenium and 
osmium. It forms small lustrous granules. 
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found very useful for making standard rules and weights, on account of its inde- 
structibility, extreme rigidity, hardness, and high density. 

The following table exhibits a general view of the analytical process by which 
the remarkable metals associated in the ores of platinum may be separated from 
each other, omitting the minor details which are requisite to ensure the purity of 
each metal ; — 

Analysis of the Ore of Platinum. 

Boil with aqua regia. 


Dissolved ; 

Platinum, Palladium, Ehodium. 

Add ammonium chloride. 

Dndissolved ; 

Ieidium, Osmium, Euthenium. 

Chrome iron. Titanic iron, &o. 

Heat in a current of dry air. 

Precipitated ; 
Platinum 
as 

aXHiCUPtCL- 

Solution ; 

Neutralise with sodium carbonate ; 
add mercuric cyanide. 

Volatilised; 
Osmium 
as OsO^. 

Carried 
forward by 
the current; 
Euthenium 
as EuOj. 

Eesidne ; 

Mix with- sodium 
chloride, and heat in a 
current of chlorine. 
Treat with boiling water. 

Precipitated ; 
Palladium. 
as PdCjj. 

Solution ; 
Evaporate with 
hydrochloric acid. 
Treat with alcohol. 
Insoluble ; 
Ehodium 
assNaCl.EhCh. 

Dissolved; 

Ibidium 

asaNaChlrCli. 

Eesidue ; 
Titanic iron, 
Chrome iron, 
&c. 


301. The flatinoid metals tall into two classes according to the proximity which 
exists between their specific gravities and between their atomic weights — viz., 
Os, Ir, Pt, and Ku, Bh and Pd. Gold is associated with the former class by its 
sp. gr., atomic weight, and insolubility, whilst silver is related to the latter class 
also by its atomic weight and sp. gr., and by its solubility in nitric acid, 
resembling that of Pd. The first member of each class (Os and Ku) gives a 
volatile tetroxide, whilst the highest state of oxidation of the remaining metals 
is EO3. 


GOLD. 

An = 197.3 parts by weight. 

302. The individuality of gold among metals is strongly marked, on 
account of its colour, its high specific gravity, 19.3, its extreme malle- 
ability and ductility, its perfect resistance to air, its high conducting 
power for heat and electricity, its high fusing point, 1045° O., its 
resistance to acids, and its rarity and consequent intrinsic value. 
Gold is one of those few metals which are always found in the metallic 
state, and is remarkable for the extent to which it is distributed, though 
in small quantities, over the surface of the earth. The principal sup- 
plies of this metal are derived from Australia, California, Mexico, 
Bi’azil, Peru, and the Ural Mountains. Small quantities have been 
occasionally met with in our OAvn islands, particularly at Wicklow, at 
Cader Idris in Wales, Leadhills in Scotland, and in Cornwall. 

The mode of the occurrence of gold in the mineral kingdom resembles 
that of the ore of tin, for it is either found disseminated in the primi- 
tive rocks, or in alluvial deposits of sand, which appear to have been 
formed by the disintegi’ation of those rocks under the continued action 
of torrents. In the former case, the gold is often found crystallised in 
cubes and octahedra, or in forms derived from these, and sometimes 
aggregated together in dendritic or branch-hke forms.' In the alluvial 
deposits, the gold is usually found in small scales (gold dust), but some- 
times in masses of considerable size (nuggets), the rounded appearance of 
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which indicates thal they have been subjected to attrition. Australian 
gold is the purest, especially that from Victoria. 

The extraction of the particles of gold from the alluvial sands is 
effected by taking advantage of the high specific gravity of^ the metal 
^19.3)5 'which causes it to remain behind, whilst .the sand, which is very 
much lighter (sp. gr. 2.6), is carried away by water. This washing is 
commonly performed by hand, in wooden or metal bowls, in whichi the 
sand is shaken up with water, and the lighter portions dexterously 
poured off, so as to leave the grains of gold at the bottom of the vessel. 
On a somewhat larger scale, the auriferous sand is washed in a cradle 
or inclined wooden trough, furnished with rockers, and with an opening 
at the lower end for the escape of the water. The sand is thrown on to 
•a grating at the head of the cradle, which retains the large pebbles, 
whilst the sand and gold pass through, the former being washed away 
by a stream of water which is kept flowing through the trough. 

When the gold is disseminated through masses of quartz or other 
rock, much labour is expended in crushing the latter before the gold 
can be separated. This is effected either by passing the coarse frag- 
ments between heavy rollers of hard cast-iron, or by stamping them, 
with wooden beams shod with iron, in troughs through which water is 
continually flowing. 

• In some cases it is found advantageous to smelt the ore by fusing it 
with some substance capable of uniting with the gold, and of being 
afterwards readUy separated from it. Lead is peculiarly adapted for 
this purpose ; the crushed ore is mixed with a suitable proportion, either 
of metallic lead, or of litharge (o^de of lead) and charcoal, or even 
of galena (sulphide of lead), together with some lime and oxide of iron 
or clay, to flux the silica, and is fused on the hearth of a reverberatory 
furnace, when the fused lead dissolves the particles of gold, and collects 
beneath the lighter slag. The lead is afterwards separated from the gold 
by cupellation (see p. 424). 

In smelting the ores of gold in Hungary, the metal is concentrated by means 
■of sulphide of iron. The ore consists of quartz and iron pyrites (disulphide of 
iron), containing a little gold. On fusing the crushed ore with lime, to flux the 
quartz, the pyrites loses half its sulphur, and becomes ferrous sulphide (FeS), 
which fuses and sinks below the slag, carrying with it the whole of the gold. If 
this product be roasted so as to convert the iron into oxide, and be then again 
fused with a fresh portion of the ore, the oxide of iron will flux the quartz, whilst 
the fresh portion of sulphide of iron will carry down the whole of the gold con- 
tained in both quantities of ore. This operation having been repeated until the 
sulphide of iron is rich in gold, it is fused with a certain quantity of lead, which 
extracts the gold and falls to the bottom. The lead is then cupelled in order to 
obtain the gold. 

'When the ores of lead, silver, or copper contain gold, it is always found to have 
accompanied the silver extracted from them, and is separated from it by a process 
to be presently noticed. 

Gold is sometimes separated from the impurities remaining with it after 
■extraction by washing, by the process of amalgamation, which consists 
in shaking^ the mixture mth mercury in order to dissolve the gold-dust, 
and straining the liquid amalgam through chamois leather, which allows 
the excess of mercury to pass through, but retains the solid portion con- 
taining the gold, from which the mercury is then sepai’ated by distillation."*" 

f sodium dissolved in the mercury has been found very materially 

to tacilitate the amalgamation of gold and silver ores, apparently because the amalgam of 
souium IS more highly electro-positive than mercury, in relation to the gold. 
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Chlorine water is sometimes employed to extract the gold by convert- 
ing it into AuOlg, the gold being afterwards precipitated from the solution 
by adding ferrous sulphate, or by filtration through charcoal which 
retains the gold. Bromine has also been used, and, more recently, a i per- 
cent. solution of potassium cyanide, which, in the presence of air, dis- 
solves the metal in accordance with theequationAu, + 4KON' + 0 + H„0 = 

2(AuCn.kcn) -t- 2 e:oh. 

Gold, as found in nature, is generally alloyed with variable propor- 
tions of silver and copper, the separation of which is the object of the 
gold refiner. It may be efieeted by means of nitric acid, which will 
dissolve the silver and copper, provided that they do not bear too small 
a proportion to the gold. Sulphuric acid, however, being very much 
cheaper, is generally employed. The alloy is fused and poured into 
water, so as to granulate it and expose a larger surface to the action of 
the acid; it is then boiled with concentrated sulphuric acid (oil of 
vitriol), which converts the silver and the copper into sulphates, with 
evolution of sulphurous acid gas, whilst the gold is left untouched. In 
order to recover the silver from the solution of the sulphates in water, 
scraps of copper are introduced into it, when that metal decomposes 
the sulphate of silver, producing sulphate of copper, and causing the 
deposition of the silver in the metallic state. Finally, the sulphate of 
copper may be obtained from the solution by evaporation and crystal- 
lisation. This process is so effectual when the proportion of gold in an 
alloy is very small, that even ^Ij^th part of this metal may be profitably 
extracted from 100 parts of an alloy, and much gold has been obtained 
in this way from old silver plate, coins, (tc., which were manufactured 
before 'so perfect a process for the separation of these metals was known. 
On boiling old silver coins or ornaments with nitric acid, they are gene- 
rally found to yield a minute proportion of gold in the form of a purple 
powder. But this plan of separation is not so successful when the alloy 
contains a very large quantity of gold, for the latter metal protects the 
copper and sdver from the solvent action of the acid. Thus, if the alloy 
contains more than -l-th of its weight of gold, it is customary to fuse it 
with a quantity of silver, so as to reduce the proportion of gold below 
that point before boiling it with the acid. Again, if the alloy contains a 
large quantity of copper, it is found expedient to remove a great deal 
of this metal in the form of oxide by heating the alloy in a current of 
air. 

Gold which is brittle and unfit for coining, in consequence of the pre- 
sence of small quantities of foreign metals, is sometimes refined by 
melting it with oxide of copper or with a mixture of nitre and borax, 
when the foreign metals, with the exception of silver, are oxidised and 
dissolved in the slag. Another process consists in throwing some cor- 
rosive sublimate (mercuric chloride) into the melting pot, and stii’ring 
it up with the metal, when its vapour converts the metallic impurities 
into chlorides, which are volatilised. An excellent method consists in 
fusing the gold with a little borax, and passing chlorine gas into it 
through a clay tube. Antimony, arsenic, &c., are carried off as chlorides, 
whilst the silver, also converted into chloride, rises to the surface of the 
gold in a fused state, afterwards solidifying into a cake, which is reduced 
to the metallic state by placing it between plates of wrought-iron and 
immersing it in diluted sulphuric acid. 
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Pure gold, like pure silver, is too soft to resist the wear to which it is 
subjected in its ordinary uses, and it is therefore alloyed for coinage in 
this country with -^th of its weight of copper, so that gold coin contains 
I part of copper and ii parts of gold. The gold used for articles of 
jewellery is alloyed with variable proportions of copper and silver. The 
alloy of copper and gold is much redder than pure gold. 

The English sovereign contains 91.67 pei' cent, of gold and 8.33 per 
cent, of copper. Its sp. gr. is 17.157, and its weight is 123.274 grains. 

The Australian sovereign contains silver in place of copper, and is 
lighter in colour than pure gold . 

The degree of purity of gold is generally expressed by quoting it as of 
so many carats fine. Thus, pure gold is said to be 24 carats fine ; English 
standard gold 22 carats fine, that is, contains 22 carats of gold out of the 
24. Gfold of 18 carats fine -would contain 18 parts, of gold out of the 24, 
or fths of its weight of gold. The other legal standards are 15, 12, and 
9 carat gold. TlhQ'fineness sometimes refers to the- quantity of gold in 
1000 parts of the alloy; thus, English, coin has a fineness of 9i6.7> 
German and American coin, of 900. 

Tn order to impart to gold ornaments the appearance of pure gold, 
they are heated till the copper in the outer layer is oxidised, and then 
dipped into nitric or sulphuric acid, which dissolves the copper oxide 
and leaves a film of pure gold. 

Pure gold is easily prepared from standard or jeweller’s gold, by dissolving it 
in hydrochloric acid'mixed -with one-fourth of its volume of nitric acid, evapo- 
rating the solution to a small bulk to expel excess of acid, diluting with a con- 
siderable quantity of water, filtering from the separated silver chloride, and, 
adding a solution of green sulphate of iron, when the gold is precipitated as a 
dark-purple powder, which may be collected on a filter, -well washed, dried, and 
fused in a small clay crucible with a little borax, the crucible having been 
previously dipped in a hot saturated solution of borax, and dried, to prevent 
adhesion of the globules of gold. The action of the ferrous sulphate upon the 
trichloride of gold is explained by the equation — 

2AUCI3 -t- 6FeSO, = An.. -1- Fe,,Cl, -f 2Fe„(S0j3. 

The gold precipitated by ferrous sulphate appears, under the microscope, in 
cubical crystals. 

By employing oxalic acid instead of ferrous sulphate, and heating the solution, 
the gold is precipitated in a spongy state, and becomes a coherent lustrous mass 
under pressure. The metal is employed in this form by dentists. 

When standard gold is being dissolved in aqua regia, it sometimes becomes 
coated with a film of silver chloride which stops the action of the acid; the 
liquid must then be poured off, the metal washed, and treated with ammonia, 
which dissolves the silver chloride ; the ammonia must then be washed away 
before the metal is replaced in the acid. In the case of jeweller’s gold, it is ad- 
visable to extract as much silver and copper as possible by boiling it with nitric 
acid, before attempting to dissolve the gold. Gold lace should be incinerated to 
get rid of the cotton before being treated with acid. 

The genuineness of gold trinkets, &c., is generally tested by touching them 
with nitric acid, which attacks them if they contain a very considerable propor- 
tion of copper, producing a green stain, but this test is evidently useless if the 
surface be gilt. The weight is, of course, a good criterion in practised hands, 
but even these have been deceived by bars of platinum covered with gold. The 
specific gravity may be taken in doubtful cases ; that of sovereign gold is 17.157. 

In assaging gold, the rnetal is wrapped in a thin piece of paper togethei; with 
about three times its weight of pure silver, and added to twelve times its weight 
of pure lead fused in a hone-ash cujjel (see page 425) placed in a muffle (or exposed 
to a strong oxidising blowpipe flame), when the lead and copper are oxidised, and 
the fused oxide of lead_ dissolves that of copper, both being absorbed by the 
cupel. When the metallic button no longer diminishes in size, it is allowed to 
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cool, hammered into a flat disc which is annealed by being heated to redness, and 
rolled out to a thin plate, so that it may be rolled up by the thumb and finger 
into a cornette, which is boiled with nitric acid (sp. gr. r. 18) to extract the silver ; 
the remaining gold is washed with distilled water, and boiled with nitric acid of 
sp. gr. 1.28, to extract the last traces of silver, after which it is again washed, 
heated to redness in a small crucible, and weighed. 

The stronger nitric acid could not be used at first, since it would be likely to 
break the cornette into fragments which could not be so readily washed without 
loss. The addition of the three parts of silver (quartation) is made in order to 
divide the alloy, and permit the easy extraction of the silver by nitric acid, which 
cannot be effected when the gold predominates. 

303. The physical characters of gold render it very conspicuous among 
the metals ; it is the heaviest of the metals in common use, with the 
exception of platinum, its specific gravity being 19.3. In malle- 
ability and ductility it surpasses all other metals ; the former property 
is turned to advantage for the manufacture of gold leaf, for which pur- 
pose a bar of gold, containing 96.25 per cent, of gold, 2.5 per cent, of 
silver, and 1.25 per cent, of coppei’, is passed between rollers which 
extend it into the form of a riband ; this is cut up into squares, which 
■are packed between layers of fine vellum, and beaten with a heavy 
hammer ; these thinner squares are then again cut up and beaten 
between layers of gold-beater’s skin \intil they are sufficiently thin. 
An ounce of gold may thus be spread over 100 square feet; 282,000 of 
such leaves placed upon each other form a pile of only i inch high. 
These leaves will allow light to pass through them, and always appear 
green or blue when held up to the light, though they exhibit the 
ordinaiy colour of gold by reflected light. 

If a gold leaf adhering to a glass plate be heated to nearly the boiling point of 
oil for some time, it becomes nearly transparent and invisible by transmitted 
light, though stiU showing the colour of gold by reflected light ; if it be pressed 
with a moderately hard body, it again transmits a green light. When gold wire 
or leaf is deflagrated by electricity on a glass plate, the finely divided metal trans- 
mits ruby, violet, or green light, according to its thickness, though ic has the 
golden colour by reflected light. On heating these deposits to dull redness on 
the glass, they all change to the ruby colour while still golden by reflection.’ 
Pressure with a hard body changes the colour of the transmitted light from red 
to green. 'A solution of gold trichloride, containing 0.6 grain of gold in a quart, 
if shaken with a little solution of phosphorus in ether, in a chemically clean 
bottle, gives a ruby-red liquid in which the reflected colour of gold may be seen 
by bringing the solar rays to a focus in the liquid by a convex lens. ‘ This liquid 
will continue to deposit fine particles of gold for many months. The first deposits 
are blue by transmitted light, and the last are ruby. The supernatant liquid is 
eventually colourless. If a little sodium chloride be added to the ruby liquid, it 
transmits a blue light, and the gold which has remained suspended for six months 
may be deposited in a few hours. By using a filter arranged so that the liquid 
is passed through the paper in a radial instead of an axial direction as is usual, 
the particles of gold, which pass through in ordinary axial filtration, may be col- 
lected on the paper, having the various colours, and leaving the liquid colourless. 
These colours of finely divided gold are taken advantage of in painting upon 
porcelain, and the well-known magnificent ruby-red glass owes its colour to the 
same cause, of a grain of gold is capable of imparting a deep rose colour 

to a cubic inch of fluid. 

The extreme ductility of gold is exemplified in the manufacture of 
gold thread for embroidery, in which a cylinder of silver having been 
covered with gold leaf, it is drawn through a wire-drawing plate and 
reduced to the thinness of a hair ; in this way 6 ounces of gold are 
drawn into a C3dinder two hundred miles in length. Although fusing 
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at about tbe melting point of copper, gold is seldom cast, on account of 
its great contraction during solidification. 

Gold is not even affected to tbe same extent as silver by exposure ta 
tbe atmospbere, for sulphuretted hydrogen has no action upon it, and 
hence no metal is so well adapted for coating surfaces wliicb are lecjuned 

to preserve their lustre. -in 

The o-old is sometimes applied to the surfaces of metals in the form 
of an 'amalgam, the mercury being afterwards driven' off by heat. 
Metals may also be gilt by means of a boiling solution prepared by 
dissolving gold in a^^ia regia, and adding an excess of bicarbonate 
of potash or of soda. But the most elegant process of gilding is that of 
electro-gilding, in which the object to be gilt is connected by a wire 
with the zinc end of the galvanic battery, and immersed in a solution 
of cyanide of gold in cyanide of potassium, in which is also placed a 
gold plate connected with the copper end of the battery, and intended, 
by gradually dissolving, to replace the gold abstracted from the solution 
at the negative pole. 

A gold crucible is very useful in the laboratory for effecting the fusion 
of substances with caustic alkalies, which would corrode a platinum' 
crucible. The only single acid which attacks gold is selenic, H^SeO^, 
which the gold reduces to selenious acid, H^SeOj. A mixture of hydro- 
chloric with one-third of its volume of nitric acid is usually employed 
for dissolving gold. It is also dissolved by a mixture of sulphuric acid 
with a little nitric, the latter becoming reduced to nitrous acid, which 
precipitates the gold again in the metallic state on pouring the solution 
into a large volume of water. On account of its high resistance to 
sulphuric acid, platinum vitriol retorts are now frequently lined with 
gold. 

Bused caustic alkalies are not without action on gold, but they attack 
platinum more strongly. 

304. OxinuS OP GOLD. — Three compounds o£ gold with oxygen have been' 
obtained, Au^O, AuO, and AuoO,, but none of them is of any great practical im- 
portance. 

Auroiis oxide, AruO, obtained by decomposing aurous chloride with potash, is a 
violet-coloured powder which is decomposed by hydrochloric acid — 

3AU3O 6 HC 1 = 2AUCI3 + 3H0O + Auj. 

Auric oxide, AmOa, is obtained by gently heating auric hydroxide, Au(OH)3. 
This is prepared 'by heating a weak solution of auric chloride with excess of 
potash, and adding sodium sulphate, when auric hydroxide is precipitated, of a 
brown colour like ferric hydroxide. It is very unstable, evolving oxygen when 
exposed to light. Nitric acid dissolves it, and . it is reprecipitated by water. It 
dissolves in potash, and the solution yields crystals ot potassium aurate, KAuO„.3Aq. 
By heating An (OHjj at 160° C. AuO is formed. 

When precipitated gold is attacked by chlorine gas, it yields aurosoauric- 
chloride, AuCl.AuCk, a dark red hard substance decomposed by water into AuCl 
and AuGlj, or aiiric chloride, which may also be obtained by dissolving gold in 
hydrochloric acid with one-fourth of its volume of nitric acid, and evaporating 
on a water bath to a small bulk ; on cooling, yellow prismatic crystals of a com- 
pound of the trichloride with hydrochloric acid (AuCl3.HCl.4Aq) are deposited, 
from which the hydrochloric acid may be expelled by a gentle heat (not exceed- 
ing 120° C.), when the trichloride forms red-brown deliquescent crystals of 
AuCl3.2Aq, dissolving very readily in water, giving a bright yellow solution which 
stains the skin and other organic matter purple when exposed to light, depositing 
finely divided gold. Almost every substance canable of combining with oxygen 
reduces the gold to the metallic state. The inside of a perfectly clean flask or- 
tube may be covered vuth a film of metallic gold by a dilute solution of the tri- 
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chloride mixed with citric acid and ammonia, and gently heated. The facility 
with which it deposits metallic gold, and the resistance of the deposited metal to 
atmospheric action, has rendered trichloride of gold very useful in photography. 
Alcohol and ether readily dissolve the trichloride, the latter being able to extract 
it from its aqueous solution. Red crystals of trichloride of gold are sublimed 
when thin gold foil is gently heated in a current of chlorine. Trichloride of gold 
(like platinic chloride) forms crystallisable compounds with the alkaline chlorides 
and with the hydrochlorides of organic bases, and affords great help to the 
chemist in defining these last. Auroeliloride of sodium forms reddish-yellow 
prismatic crystals (NaCl.AuCl3.2Aq), which are sold for photographic purposes. 

Protocldor'ide of gold, or aurous chloride (AuCl), is obtained by gently heating 
the trichloride, when it fuses and is decomposed at 177° C., leaving the proto- 
chloride, which is reduced to metallic gold at about 205° C. Aurous chloride is 
sparingly soluble in water, and of a pale yellow colour. Boiling water decom- 
poses it into metallic gold and the trichloride. 

Fulminating gold is obtained as a buff precipitate when ammonia is added to 
solution of auric chloride ; its composition is not well established, but appears to 
be Au„ 0,.4NH3 or 2(NH3.NAu"').3H„0. It explodes violently when gently heated. 

The’ Sel d’or of the photographer* is a hyposulphite (thiosulphate) of gold and 
sodium, Au3S2O3.3Na2S.U3.4Aq, which is obtained in fine white needles by pouring 
a solution of i part of auric chloride into a solution of 3 parts of sodium hypo- 
sulphite, and adding alcohol, in which the double salt is insoluble. Its forma- 
tion may be explained by the equation — 

8Na2S303 + 2AUCI3 = Au3S303.3Na3S303 + 6NaCl + aNa^S^Os. 

It is doubtful whether the above formula represents the true constitution of this 
salt, for it is not decomposed by acids in the same manner as ordinary thiosul- 
phates are.* Nitric acid causes the whole of the gold to separate in the metallic 
state. 

Purple of Cassius, which is employed for imparting a rich red colour to glass 
and porcelain, is a compound of gold, tin, and oxygen, which are believed to be 
grouped according to the formula Au2Sn03.Sn. 8003.4 Aq.t It may be prepared 
by adding stannous chloride to a mixture of stannic chloride and auric chloride ; 
7 parts of gold are dissolved in agua regia and mixed with 2 parts of tin also dis- 
solved in aqua regia; this solution is largely diluted with water, and a weak solu- 
tion of I part of tin in hydrochloric acid is added, drop by drop, till a fine purple 
colour is produced. The purple of Cassius remains suspended in water in a very 
fine state of division, but subsides gradually, especially if some saline solution be 
added, as a purple powder. The fresh precipitate dissolves in ammonia, but the 
purple solution is decomposed by exposure to light, becoming blue, and finally 
colourless, metallic gold being precipitated, and stannic oxide left in solution. 

The SULPHIDES OP GOLD are not thoroughly known. Gold does not combine 
directly with sulphur, but if it be heated with sulphur and alkaline sulphides, it 
forms soluble compounds. In this way, sodium azn'osulphide, NaAuS.4Aq, may be 
obtained in colourless prisms soluble in alcohol. When HoS is passed into solu- 
tion of AuClj, a black precipitate of AU3S.AU3S3 or AUoSo is obtained — 

2AUCI3 + 3H3S ='Au 3S"3 -t- S -t-’6HCl. 

The precipitate is soluble in alkaline sulphides. The precipitated sulphide of 
gold is not dissolved by the acids, with the exception of aqua regia. Nitric acid 
oxidises the sulphur, leaving metallic gold. When hydrosulphuric acid is added 
to a boiling solution of auric chloride, the metal itself is precipitated — 

SAUCI3 -f 3H3S + 12H3O = AU3 -f 24HCI -b 3H3SOJ. 

A yellowish-grey brittle arsenide of gold (AuASo) has been found in quartz in 
Australia. 

* It appears to be sodium aurothiosuipliate, NasAuS^Oc-sAq, which is supported by the 
preparation of a coiresponding barium salt and by decomposing this with sulphuric acid, 
when aurothiosulphuric acid, H3A.uS40(;, is obtained. 

7 Debray asserts that it is merely a mixture of precipitated gold and stannic hydrate. 



ON SOME OF THE 


USEFUL APPLICATIONS OF CHEMICAL PBIKCIPLES 
NOT HITHERTO MENTIONED. 


CHEMICAL PRINCIPLES OP THE MANUFACTURE 

OF GLASS. 

305. Glass is defined chemically to be a mixture of two or more sili- 
cates, one of which is a silicate of an alkali-metal, the other being a 
silicate of calcium, barium, iron, lead, or zinc. 

If silica be fused with an equal weight of carbonate of potassium or 
sodium, a transpai'ent glassy mass is obtained, but this is slowly dissolved 
by water, and would therefore be incapable of resisting the action of the 
weather j if a small proportion of lime or baryta, or of the oxides of iron, 
lead, or zinc, be added, the glass becomes far less easily affected by atmo- 
spheric influences. 

The most valuable property of glass, after its transparency' and per- 
manence, is that of assuming a viscid or plastic consistency when fused, 
which allows it to be so easily fashioned into the various shapes required 
for use or ornament. 

The composition of glass is varied according to the particular purpose 
for which it is intended, the materials selected being fused in large clay 
crucibles placed in reverberatory furnaces, and heated by a coal fire or in 
a gas-furnace. 

Ordinary window glass is a soda, glass, essentially composed of sodium 
silicate and calcium silicate, containing one molecule (13.3 per cent.) of 
soda, one molecule (12.9 per cent.) of lime, and five molecules (69.1 per 
cent.) of silica ; it also usually contains a little alumina. This variety 
of glass is manufactured by fusing 100 parts of sand with about 35 parts 
of chalk and 35 parts of soda-ash; a considerable quantity of broken 
window glass is always fused up at the same time. Of course, carbonic 
acid gas is expelled from the chalk and the sodium cai'bonate in the 
gaseous state ; and in order that this may not cause the contents of the 
crucible to froth over during the fusion, the materials are first fritted 
together, as it is termed, at a temperature insufficient to liquefy them, 
when the carbonic acid gas is evolved gradually, and the fusion after- 
wards takes place without effervescence. 

Occasionally, sodium sulphate is employed instead of the carbonate, 
when it is usual to add a small proportion of charcoal in order to facili- 
tate the decomposition of the sulphate by removing part of its oxygen 
(NUjSO^ -I- Si 0 j-FC = Na,Si03-f SOj + CO). Before the glass is worked 
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into slieets, it is allowed to remain at rest for some time in the fused 
state, so that the air-bubbles may escape, and the glass-gall or scum (con- 
sisting chiefly of sodium sulphate and sodium chloride), which rises to 
the surface, is removed. 

Plate glass is also chiefly a silicate of sodium and calcium, but it con- 
tains, in addition, a considerable quantity of silicate of potassium (74 
per cent, of SiO,, 12 of Na^O, 5.5 of K„ 0 , and 5.5 of CaO). The purest 
white sand is selected, and great care is taken to exclude impurities. 

Grown glass, used for optical purposes, contains no sodium, since that 
metal has the property of imparting a greenish tint to glass, which is 
not the case with potassium. This variety of glass, therefore, is pre- 
pared by fusing sand with potassium carbonate and chalk in such pro- 
portions that the glass may contain i molecule (22 per cent.) of KjO, 
I molecule (12.5 per cent.) of CaD, and 4 molecules (62 per cent.) of SiO,. 

Bohemian glass, also a potash glass (>|ilicate of KjO and OaO), is less 
fusible than soda glass, and less easily acted upon by acids ; hence its 
use for chemical vessels ; it appears to owe its infusibility to its high 
content of silica. 

The glass of which wine bottles are made is of much cheaper and 
commoner description, consisting chiefly of calcium silicate, but con- 
taining, in addition, small quantities of the silicates of sodium, of alu- 
minium, and of iron, to the last of which it owes its dark colour. It 
is made of the coarsest materials, such as common red sand (containing 
iron and alumina), soap-maker’s waste (containing lime and small quan- 
tities of alkali), refuse lime from the gas-works, clay, and a very small 
proportion of rock-salt. 

Flint glass, which is used for table glass and for ornamental purposes, 
is a double silicate of potassium and lead, containing one molecule (13.67 
per cent.) of KjO, one molecule (33.28 per cent.) of PbO, and sixmolecules 
(51.93 per cent.) of SiO,. It is prepared by fusing 300 parts of the purest 
white sand with 200 parts of minium (red oxide of lead), 100 parts of 
refined pearl-ash, and 30 parts of nitre. The fusion is efiected in crucibles 
covered in at the top to prevent the access of the flame, which would re- 
duce a portion of the lead to the metallic state. The nitre is added in 
order to oxidise any accidental impurities which might reduce the lead. 

The presence of the lead in glass very much increases its fusibility, 
and renders it much softer, so that it may be more easily cut into orna- 
mental forms ; it also greatly increases its lustre and beauty. 

Barium has also the efiect of increasing the fusibility of glass, and 
zinc, like lead, increases its brilliancy and refracting power, on which 
account it is employed in some kinds of glass for optical purposes. Glass 
of this description is also made by substituting boric oxide for a portion 
of the silica. 

All glass articles must be annealed, by being slowly cooled, otherwise 
they are liable to spontaneous fracture, due to the excessive strains pro- 
duced in the structm-e of the glass. 

Some varieties of glass, if heated nearly to their melting point, and 
allowed to cool slowly, become converted into an opaque very hard mass 
resembling porcelain {Reaumur’s porcelain). This change, which is known 
as devitrification, is due to the crystallisation of the silicates contained in 
the mass, and, by again fusing it, the glass may be restored to its original 
transparent condition. 
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Toughened glass is made by beating tbe glass vessel to its softening 
point, immersing it in a bath, of oil or steam at 200 0., and cooling it 
quickly. This treatment hardens it, increases its specific gravity, and 
renders it less brittle externally, but puts the inner portion in a state of 
tension, so that it sometimes breaks up spontaneously. 

In producing coloured glass^ advantage is taken of its property of dis- 
solving many metallic oxides "with production of peculiar colours. It has 
been mentioned above that bottle glass owes its green colour to the pre- 
sence of iron ; and since this metal is generally found in small quantity 
in sand, and even in chalk, it occasionally happens that a glass which is 
required to be perfectly colourless turns out to have a slight green tinge. 
In order to remove this, a small quantity of some oxidising agent is 
usually added, in order to convert the ferrous oxide into ferric oxide, 
which does not impaii; any colour when present in minute proportion. 
A little nitre is sometimes added for this purpose, or some white 
arsenic, which yields its oxygen to. the ferrous oxide, and escapes in 
the form of vapour of arsenic ; red oxide of lead (PbjO^) may also be 
employed, and is reduced to oxide of lead (PbO), which remains in 
the glass. Manganese dioxide (glassmaker' s soap) is often added as an 
oxidising agent, being reduced to the state of manganous oxide (MnO), 
which does not colour the glass ; but eai-e is then taken not to add too 
much of the dioxide, for a very minute quantity of this substance 
imparts a beautiful amethyst-purple colour to glass. 

Suboxide of copper is used to produce a red glass, and the finest ruby 
glass is obtained, as already mentioned at page 476, by the addition of 
a little gold. The oxides of antimony impart a yellow colour to glass ; 
a peculiar hrown-yellow shade is given hy charcoal in a fine state of 
division, and sesquioxide of uranium produces a fine greenish-yellow 
glass. Green glass is coloured either by oxide of copper or sesquioxide 
of chromium, whilst oxide of cobalt gives a magnificent blue colour. 
For black glass a mixture of the oxides of cobalt and manganese is em- 
ployed. The white enamel glass is a flint glas.s, containing about 10 per 
cent, of binoxide of tin. Bone-ash is also used to impart this appearance 
to glass. The irisation of glass, giving it the tints of mother-of-pearl, is 
effected by corroding its surface with hydrochloric acid of 15 per cent, 
strength, under heat and pressure. 

^ Kryolite is employed in making opal-glass containing 64 per cent, of 
silica, 17 of alumina, 16 of lead oxide, and 3 of potash. 


CHEMISTRY OF THE MAKIJFACTURB OF POTTERY 
AND POROELAIH. 

306. The manufacture of pottery obviously belongs to an earlier 
period of civilisation than that of glass, since the raw material, clay, 
would at once suggest, by its plastic properties, the possibility of work- 
ing it into useful vessels, and the application of heat would naturally 
be had recourse to in order to dry and harden it. Indeed, at the first 
glance, it would appear that this manufacture, unlike that of glass, did 
not involve the application of chemical principles, but consisted simply 
in fashioning the day by mere mechanical dexterity into the required 
form. It is found, however, at the outset that the name of dag is 

2 H 
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applied to a large class of minerals, differing very considerably in com- 
position, and possessing in common the two characteristic features of 
plasticity and a predominance of aluminium silicate. , 

It has already been stated (page 347) that kaolin is a hydrated alu- 
minium silicate, and it is from this material that the best variety of 
porcelain is made. This clay is eminently plastic, and can therefore be 
readily moulded, but when baked it shrinks very much, so that the 
vessels made from it lose their shape and often crack in the kiln. In 
order to prevent this, the clay is mixed with a certain proportion of 
sand, chalk, bone-ash, or heavy-spar; but another difficulty is thus 
introduced, for these substances diminish the tenacity of the clay, and 
would thus render the vessels brittle. A further addition must there-, 
fore be made of some substance which fuses at the temperatirre employed 
in baking the ware, and thus serves as a cement to bind the unfused 
particles of clay, &c., into a compact mass. Felspar (silicate of alumi- 
nium and potassium) answers this purpose ; or carbonate of potassium 
or of sodium is sometimes added, to convert a portion of the silica into 
a fusible alkaline silicate. With a mixture of clay with sand and fel- 
spar (or some substitutes), a vessel may be moulded which will preserve 
its shape and tenacity when baked, and will be impervious to water if it 
have been “ fired ” at a temperature sufficiently high to fuse the felspar 
and clinker the ware throughout. This is the case with porcelain and 
stoneware ; earthenware, on the other hand, is not clinkered throughout 
and must be waterproofed by the application of some easily fusible 
material which shall form a glaze over the surface of the ware. Porce- 
lain is generally glazed in order to present a perfectly smooth surface, 
unless biscuit ware is to be manufactured. A distinction is drawn 
between hard porcelain, the -constituents of which are such that the 
ware is exceedingly infusible, and soft porcelain, which is far more easily 
fused. 

Berlin hard porcelain is made from a mixtm’e of some 55 parts of 
kaolin, 22.5 of quartz, and 22.5 of felspar. These materials are 
ground up with water before being mixed, and the coarser particles 
are allowed to subside ; the creamy fluids containing the finer par- 
ticles in suspension are then mixed in the proper proportions and 
allowed to settle; the paste deposited at the bottom is drained, 
thoroughly kneaded, and stored away for some months in a damp place, 
by which its texture is considerably improved, and any organic matter 
which it contains becomes oxidised and removed, the oxidation being 
effected partly by the sulphates present, which become reduced to 
sulphides. It is then moulded into the requmed forms, and dried by 
simple exposure to the air. The vessels are packed in cylindrical cases 
{saggers) of very refractory clay, which are arranged in a furnace or kiln 
of peculiar construction, and very gradually heated at about 800° 0. 
When sufficiently baked, the biscuit porcelain has to be glazed, and great 
care is taken that the glaze may possess the same expansibility by heat as 
the ware itself, for otherwise it would crack in all directions as the 
glazed ware cooled. The glaze employed is a mixture of felspar, quartz, 
kaolin, marble, and broken porcelain very finely ground, and suspended 
in water. When the porous ware is dipped into this mixture, it absorbs 
the water, and retains a thin coating of the mixture of quartz and felspar 
upon its surface. It is now again fired, this time at 1700° 0 ., when tlie 
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glaze fuses, partly penetrating the ware, partly remaining as a varnish 
upon the surface. 

When the ware is requii-ed to have some uniform colour, a mineral 
pigment capable of resisting very high temperatures is mixed Avith the 
«laze ; but coloured designs are painted upon the ware after glazing, the 
ware being then baked a third time, in order to fix the colours. These 
colours are glasses coloured with metallic oxides, and ground up with 
oil of turpentine, so that they may be piinted in the ordinary way upon 
the surface of the ware ; when the latter is again heated in the kiln the 
coloured glass fuses, and thus contracts firm adhesion with the ware. 

Gold is applied either in the form of precipitated metallic gold, or of 
fulminating gold, being ground up in either case with oil of turpentine, 
burnt in, and burnished. 

English soft porcdain is made from Cornish clay mixed with ground 
flints, burnt bones, and sometimes a little sodium carbonate, borax, and 
binoxide of tin, the last improving the colour of the ware. It is glazed 
with a mixture of Cornish stone (consisting of quartz and felspar), flint, 
chalk, borax, and sometimes white lead to 'increase its fusibility. 

Stone-ware is made from less pure materials, and is covered with a glaze 
of sodium silicate, in a very simple manner, by a process known as salt- 
glazing. The ware is coated with a thin film of sand by dipping it in a 
mixture of fine sand and water, and is then intensely heated in a kiln 
into which a quantity of damp salt is presently thrown. The water is 
decomposed, its hydrogen taking the chlorine of the salt to form hydro- 
chloric acid, and its oxygen converting the sodium into soda, which com- 
bines with the sand to form sodium silicate ; this fuses into a glass upon 
the surface of the ware. 

Pipkins, and similar earthenware vessels, are made of common clay 
mixed with a certain proportion of marl and of sand. They are glazed 
with a mixture of 4 or 5 parts of clay with 6 or 7 parts of litharge. 
The colour of this ware is due to the presence of ferric oxide. 

Bricks and tiles ai’e also made from common clay mixed, if necessary, 
with sand ; such common clay contains sufficient fusible material to 
sinter the bricks. These are very often grey, or blue, or yellow, before 
baking, and become red under the action of heat, since the iron, which 
is originally present as carbonate (PeOOj), becomes converted into the 
red peroxide (FejOg) by the atmospheric oxygen.^ 

For the manufactxire of the refractory bricks for lining furnaces, of 
glass-pots, of crucibles for making cast-steel, &c., a pure, and therefore 
infusible, clay is emplo3''ed, to which a certain quantity of broken pots of 
the same material is added, to prevent the articles from shrinking whilst 
being dried. 

Dinas firebricks are made from a peculiar siliceous material found in the Vale 
of Neath, and containing alumina with about 98 per cent, of silica. The ground 
rock is mixed with i per cent, of lime and a little water before moulding. These 
bricks are_ expanded by heat, whilst ordinary firebricks contract. 

Blue hricT^ are glazed by sprinkling with iron scurf, a mixture of particles of 
stone and iron produced by the wear of the siliceous grindstones employed in 
grinding gun-barrels, &c. "When the bricks are fired, a glaze of silicate of iron is 
formed upon them. 


• The offloreEcence frequently noticed on bricks consists mainly of sulphate and chloride 
of sodium, wham existed in the original clay ; the former salt is frequently formed during 
the drying and baking of the bricks when iron pyrites is a constituent of the clay. 
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CHEMISTRY OE BUILDING- MATERIALS. 

307, Chemical principles would lead to the selection of pure silica 
(quartz, rock-crystal) as the most durable of building materials, since it 
is not attacked by any of the substances likely to be present in the 
atmosphere ; but even if it could be obtained in sufficiently large masses 
for the purpose, its great hardness presents an obstacle to its being 
hewn into the required forms. Of the building stones actually em- 
ployed, granite, basalt, and 'pwphyry are the most lasting, on account 
of their capability of resisting for a great length of time the action of 
wmter and of atmospheric carbonic acid ; but their hardness makes them 
so difficult to work, as to prevent their employment except for the 
construction of pavements, bridges, &c., where the work is massive and 
straightforward, and much resistance to wear and tear is required. The 
millstone grit is also a very durable stone, consisting chiefly of ' silica, 
and employed for the foundations of houses. Freestone is a term applied 
to any stone which is soft enough to be wrought with hammer and 
chisel, or cut with a saw ; it includes the different varieties of sandstone 
and limestone. The sandstones consist of grains of sand cemented 
together by clay or hmestone. The Torhshire jiags employed for pamng 
are siliceous stones of this description. The Craigleith sandstone, which 
is one of the freestones used in London, contains about 98 per cent, of 
silica, together with some calcium cai-bonate. 

The building stones in most general use are the different varieties of 
calcium carbonate. The durability of these is in proportion to their 
compact structure ; thus marble, being the most compact, has been found 
to resist for many centuries the action of the atmosphere, whilst the 
more porous limestones are corroded at the surface in a very short time. 
Portland stone, of which St. Paul’s and Somerset House are built, and 
Bath stone, are among the most durable of these; but they are all 
slowly corroded by exposure to the atmosphere. The chief cause of 
this corrosion appears to be the mechanical disintegration caused by the 
expansion, in freezing, of the water absorbed in the pores of the stone. 
In order to determine the relative extent%to which different stones are 
liable to be disintegrated by frost, a piece of the stone may be saturated 
with water and alternately frozen and thawed. Magnesian limestones 
(carbonate of calcium with carbonate of magnesium) are much valued 
for ornamental architecture, on account of the ease -with which they may 
be carved, and are said to be more durable in proportion as they approach 
the composition expressed by the formula OaCOa-MgCOg.* The mag- '' 
nesian limestone from Bolsover Moor, of -which the Houses of Parlia- 
ment are built, contains 50 per cent, of calcium carbonate, 40 of mag- 
nesium carbonate, -with some silica and alumina. 

It is probable that a slow corrosion of the surface of limestone is 
effected by the carbonic acid continually deposited in aqueous solution 
from the air ; and it is certain that in the atmosphere of towns the 
limestone is attacked by the sulphuric acid which results from the com- 
bustion of coal and the operations of chemical works. The Houses of 
Parliament have suffered severely, probably from this cause. Many 
processes have been recommended for the preservation of building 

* Any excess of calcium carbonate above that required by this formula maybe dissolved 
out by treating the po-wdered magnesium limestone -with -weak acetic acid. 
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stones, sucli as waterproofing them by the application of oily and resin- 
ous substances, and coating or impregnating them with solution of 
soluble glass and similar matters ; but none seems yet to have been 
thoroughly tested by practical experience. 

Purheck, Ancaster, and Caen stones are well-known limestones employed 
ior building. 

The mortar employed for building is composed of i part of freshly- 
slaked lime and 2 or 3 parts of sand intimately mixed with enough 
water to form an uniform paste. The hardening of such a composition 
appears to be due, in the first instance, to the absorption of carbonic 
acid from the air, by which a portion of the lime is converted into 
■calcium carbonate, and this, uniting with the unaltered calcium hydroxide, 
forms a solid layer, adhering closely to the two surfaces of brick or stone, 
which it cements together. In the course of time the lime would act 
upon the silica, producing calcium silicate, and this chemical action would 
render the adhesion more perfect. The chief use of the sand here, as in 
the manufacture of pottery (page 482), is to prevent excessive shrinking 
during the drying of the mortar. 

In constructions which are exposed to the action of water, mortars of 
peculiar composition are employed. TDiose hydraulic mortars, or cements, 
•as they are termed, are prepared by calcining mixtures of calcium car- 
bonate with from 10 to 30 per cent, of clay, when carbonic acid gas is 
expelled, and the lime combines with a portion of the silica and alumina 
from the clay, producing tricalcium silicate, 3Ca0.Si02, and tricalcium 
aluminate, 30a0.Al203. When the calcined mass is ground to powder 
and mixed with water these silicates combine with water to form 
hydrated silicates (with liberation of free lime), which dissolve in the 
water and immediately crystallise again (in the manner described for 
the setting of plaster of Paris), thus causing the cement to set. Roman 
cement is prepared by calcining a limestone containing about 25 per cent, 
of clay, and hardens in a very short time after mixing with water. For 
Portland cement (so called from its resembling Portland stone) a mixture 
of river-mud (chiefly clay) and limestone is calcined at a very high tem- 
perature. 

Gonci'eie is a mixture of hydraulic cement with small gravel. 

Scott's cement was prepared bj passing air containing a small quantity of 
sulphurous acid gas, evolved from burning sulphur, over quicklime heated to dull 
redness. The setting of this cement appears due to the presence of a small pro- 
portion of calcium sulphate very intimately mixed with the quicklime. The 
mixtiue of these substances yields the cement by a less circuitous process. 

GUNPOWDER. 

308. Gunpowder is a very intimate mixture of saltpetre (nitre or 
potassium nitrate), sulphur, and charcoal, wliich do not act upon each 
other at the ordinary temperature, but, when heated together, arrange 
themselves into new forms, evolving a very large amount of gas. 

In order to manufacture gunpowder capable of producing the greatest 
possible eftect, gi’eat attention is requisite to the purity of the ingredients, 
the px’ocess of mixing, and the form ultimately given to the finished 
powder. 

CnuMisTiiy OF the Ingredients of GtfNPO'WDER. — S altpetre. 

Potassium nitrate (KNO,), nitre, or saltpetre is found in some parts of 
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India, especially in Bengal and Oude, where it sometimes appears as a 
white incrustation on the surface of the soil, and is sometimes mixed with 
the soil to some depth. The nitre is exti’acted from the earth by treat- 
ing it with water, and the solution is evaporated, at first by the heat of 
the sun, and afterwards by artificial heat, when the impure crystals are 
obtained, which are packed in bags and sent to this country as grough 
(or impure) saltpetre. It contains a quantity of extraneous matter 
varying from i to 10 per cent., and consisting of the chlorides of potas- 
sium and sodium, sulphates of potassium, sodium, and calcium, vegetable 
matter from the soil, sand, and moisture. The number representing the 
percentage of impurity present is usually termed the refraction of the 
nitre, in allusion to the old method of estimating it by casting the melted 
nitre into a cake and examining its fracture, the appearance of which 
varies according to the amount of foreign matter present. 

Peruvian or Chili saltpetre is the nitrate of sodium (HaNO,) found 
in Peru and Chili in beds beneath the surface soil. It is often spoken of 
as cubical saltpetre, since it crystallises in rhombohedra, easily mistaken 
for cubes, whilst prismatic saltpetre, nitrate of potassium, crystallises in 
six-sided prisms. Sodium nitrate cannot be substituted for potassium 
nitrate as an ingredient of gunpowder, since it attracts moisture from 
the air, becoming damp, and is less powerful in its oxidising action upon 
combustible bodies at a high temperatime. The Peruvian saltpetre, 
however, forms a very important source from which to prepare the 
potassium nitrate for gunpowder, since it is easily converted into this 
salt by double decomposition with potassium chloride. The latter salt 
is now imported in so large a quantity from the salt-mines of Stassfurt 
(p. 310) that it enables sodium nitrate to be very cheaply converted into 
potassium nitrate, and renders Indian saltpetre of less importance to the 
manufacturer of gunpowder. 

In order to understand the production of saltpetre by the decomposi- 
tion of sodium nitrate with potassium chloride, it is necessary to be ac- 
quainted with the solubility of those salts and of the salts produced by 
their mutual decomposition. 


100 parts of boiling water dissolve 
218 parts of sodium nitrate 
53 „ potassium chloride 

200 „ potassium nitrate 

37 „ sodium chloride 


100 parts of cold water dissolve 
50 parts of sodium nitrate 
33 „ potassium chloride 

30 ,, potassium nitrate 

36 „ sodium chloride 


It is a general rule that when two salts in solution are mixed, which 
are capable of forming, by exchange of their metals, a salt which is less 
soluble in the Liquid, that salt will be produced and separated. 

Thus, when sodium nitrate and potassium chloride are mixed, and the 
solution boiled down, sodium chloride is deposited, and potassium nitrate 
remains in the boiling liquid; HaNO, -1- KOI = KKO3 + KaCl. When this 
is allowed to cool, the greater part of the potassium nitrate crystallises 
out, leaving the remainder of the sodium chloride in solution. 

The method usually adopted is to add the potassium chloride by degrees, 
to the boiling solution of sodium nitrate, to remove the sodium chloride 
with a perforated ladle in propoition as it is deposited, and after allowing 
the liquid to rest for some time to deposit suspended impurities, to run 
it out into the crystallising pans. 

The potassium-salt required for the conversion of sodium nitrate into 
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potassium nitrate is sometimes obtained from the refuse of the beetroot 
employed in the manufacture of sugar. ' 

(Jhili saltpetre sometimes contains a considerable proportion of iodate. 
Yellow samples containing chromate are occasionally found. 

Potassium nitrate is sometimes prepared from the nitrates obtained in nitre- 
heaps, which consist of accumulations of vegetable and animal refuse, with 
limestone, old mortar, ashes, &c. These heaps are constructed upon an imper- 
meable clay floor under a shed to protect them from rain. One side of the heap 
is usually vertical and exposed to the prevailing wind, the other side being cut 
into steps or terraces. They are occasionally moistened with stable drainings, 
Vhich are aUowed to run into grooves cut in the steps at the back of the heap. 
In such a mass, at an atmospheric temperature between 60° and 70° F., nitrates 
of the various metals present in the heap are slowly formed, and, being dissolved 
by the moisture, are left by it, as it evaporates on the vertical side, in the form of 
an efflorescence. When this has accumulated in sufficient quantity, it is scraped 
off, together with a few inches of the nitrified earth, and extracted with water, 
which dissolves the nitrates, whilst the undissolved earth is built up again on 
the terraced back of the he^p. After two or three years the heap is entirely 
broken up and reconstructed. The principal nitrates which are found dissolved 
in the water are those of potassium, calcium, magnesium, and ammonium, the 
three last of which may be converted into potassium nitrate by decomposing them 
with potassium carbonate. 

The formation of nitrates in these heaps probably results from chemical 
changes similar to those which occur in the soils in which nitre is naturally 
formed, and result from the oxidation, under the influence of the nitrifying 
organism (p. 142), of ammonia (page 142) evolved by the putrefaction of the nitro- 
genised matters which the heaps contain. The oxidation is much promoted by 
the presence of the strongly alkaline lime and of the porous materials capable of 
absorbing ammonia and presenting it under circumstances favourable to oxidation. 

In refining saltpetre for the manufacture of gunpowder, tl>e impure 
,{grough) salt is dissolved in about an equal weight of boiling water in a 
copper boiler, the solution run through cloth filters 
to remove insoluble matter, and allowed to crystallise 
in a shallow wooden trough lined with copper, the 
bottom of which is formed of two inclined planes (fig. 

252). Whilst cooling, the solution is kept in con- 
tinual agitation with wooden stirrers, in order that 
the saltpetre may be deposited in the minute crystals 
knorvn as salt2Ktre fiour, and not in the large prisms 
■which are formed when the solution is allowed to 
crystallise tranquilly, and which contain within them 
cavities enclosing some of the impure liquor from 
which the saltpetre has been crj’^stallised. The salt- 
petre, being so much less soluble in cold than in hot 
•water, is, in great part, deposited as the liquid cools, 

Avhilst the chlorides and other impurities, being pre- 
sent in small proportion, and not presenting the same disparity in their 
solubility at different temperatures, are retained in the liquid. The 
saltpetre flour is drained in a •wooden ti’ough, "with a perforated bottom, 
and transferred to a ■washing-cistern, where it is allowed to remain for 
half an hour in contact with two or three successive small quantities of 
•water, to wash away the adhering impure liquor ; it is then allowed to 
drain thoroughly, and in that state, containing from 3 to 6 per cent, of 
water, according to the season, is ready' to be transferred to the incor- 
porating mill or to a hot-aii' oven, whei’e it is dried if not required for 
immediate use. 



Fig. 252. 
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The mother-liquid, from which the saltpetre flour has been deposited, 
is boiled down and crystallised, the crystals being worked up with the 
next batch of grough nitre. The final washings of the flour are returned 
to the boiler in which the grough nitre is originally dissolved. When 
the saltpetre contains very much colouring matter, a little glue or animal 
charcoal is employed by the refiner to assist in its removal. 

The impurities most objectionable in the saltpetre employed for gun- 
powder would be the chlorides of potassium and sodium, which cause it to 
absord moisture easily from the air ; the chief test, therefore, to which the 
refiner subjects it is the addition, to its solution in distilled water, of a 
few drops of solution of silver nitrate, which causes a milkiness due to the 
separation of a precipitate of silver chloride, if the chlorides have not been 
entirely removed. Moreover, the sample should dissolve entirely in water, 
to a perfectly clear colourless solution, which should have no efiect on blue 
or red litmus-paper, and should give no cloudiness with barium chloride 
(indicating the presence of sulphates), or with ammonium oxalate (indi- 
cating lime), when these are added to separate portions of it. Yery minute 
quantities of sulphates and of lime, such as may have been derived from 
the use of river water in washing the flour, are generally disregarded.* 

Properties of saltpetre. — Potassium nitrate is usually distinguishable 
by the long sti’iated or grooved six-sided prismatic form in which it 
crystallises (though it may also be obtained in rhombohedral crystals 
like those of sodium nitrate), and by the deflagration which it produces 
when thrown on red-hot coals. It fuses at 642° F. (339° 0 .) to a 
colourless liquid, which solidifies on cooling to a translucent brittle 
crystalline mass. The sal prunelle of the shops consists of nitre which 
has been fused and cast into balls. At a red heat it efiervesces from 
the escape of bubbles of oxygen, and is converted into potassium nitrite 
(KNOj), which is itself decomposed by a higher temperature, evolving 
nitrogen and oxygen, and leaving a mixture of potassium oxides. In 
contact with any combustible body, it undergoes decomposition with great 
rapidity, five-sixths of its oxygen being available for the oxidation of the 
combustible substance, and the nitrogen being evolved in a free state ; 
thus, in contact with carbon, the complete decomposition of the nitre may 
be represented by the equation 2KNO3 -f O3 = 4- CO^ -b CO 4- 

Since the combustion of a large quantity of material may be thus effected 
in a very small space and in a short time, the temperature produced is 
much higher than that obtained by burning the combustible in the 
ordinary way. The specific gravity of saltpetre is 2.07, so that i cubic 
inch weighs 523 grains (obtained by multiplying the weight of a cubic 
inch of water, 252.5 grains, by 2.07). Since 202 grains (2 molecules) of 
nitre contain 80 grains (5 atoms) of oxygen available for the oxidation of 
combustible bodies, 523 grains (or i cubic inch of nitre) would contain 207 
grains (or 605 cubic inches) of available oxogen, a volume which would 
be contained in about 3000 cubic inches of air ; hence, i volume of salt- 
petre represents, in its power of supporting combustion, 3000 volumes of 
atmospheric air. It also enables some combustible substances to burn 
•without actual flame, as is exemplified by its use in touchpaper or slow port- 
fire, which consists of paper soaked in a weak solution of saltpetre and 
dried, the combustion taking place between the solid combustible and the 
solid oxj-gen in the nitre instead of between gases as in the case of flame 
* Potassium perchlorate has recently been detected in refined saltpetre. 
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If a continuous design be traced oh foolscap paper with a brush dipped in a 
solution of 30 grains of saltpetre in too grains of water, and allowed to dry, it 
will be found that when one part of the pattern is touched with a red-hot iron it 
will gradually burn its way out, the other portion of the paper remaining 
unaffected. A- mixture of 90 grains of KNO3, 30 of sulphur, and 30 of moderately 
fine dried sawdust {Saum 6 ’s Jlux) will deflagrate with sufficient intensity to fuse a 
small silver coin into a globule ; the mixture may be pressed down in a walnut- 
shell or a small porcelain crucible, and the coin buried in it, the flame of a lamp 
being applied outside until deflagration commences. 

Fdvib fuhninans (white gunpowder) is a mixture of_3 parts of KNO3, i part of 
sulphur, and 2 of K^COj. all carefully dried; when it is heated on an iron plate, 
no action takes place till it melts, when it explodes very violently.* 

Ohaecoal for Gunpowder. — Charcoal has been already described 
{p. 72) as the residue of the destructive distillation of wood, in which 
process the hydrogen and oxygen of the wood are for the most part 
■expelled in the forms of wood naphtha (OH^O), pyroligneous acid 
(CjHPj), carbonic acid gas, carbonic oxide, water, &c., leaving a residue 
containing a much larger proportion of carbon than the original wood, 
and therefore capable of producing a much higher temperature (p. 77.) 
by its combustion with the saltpetre. The higher the temperature to 
which the charcoal is exposed in its preparation, the larger the pro- 
portion of hydi’ogen and oxygen expelled, and the more nearly does 
the charcoal approach in composition to pure carbon; but it is not 
found advantageous in practice to employ so high a temperature, since 
it jdelds a dense charcoal of difficult combustibility, and therefore less 
fitted for the manufacture of powder. The average composition of 
wood, exclusive of ash, is, in 100 parts — 50 pai’ts carbon, 6 parts hydro- 
gen, and 44 parts oxygen. 

The composition of the charcoal. prepared at different temperatures is 
given in the following table : — 


Temperature 
ol Charring. 

Carbon. 

Hydrogen. 

Oxygen. 

Ash. 

270° C. 

363° 

476“ 

519° 

71.0 

So. I 

85.8 

86.2 

4. 60 

3-71 

3-13 

3-11 

23.00 
14-55 ■ 
9.47 

9.II 

1.40 

1.64 

1.60 

1.58 


The charcoal employed for black gunpowder in this country is pre- 
pared at temperatures between 360° C. and 520° C. It will be seen 
that the proportion of carbon, upon wdiich the heating value of the 
■cliarcoal depends, increases rvith the final temperature of carbonisation : 
but it has been found that the rapidity with which the temperature is 
raised has also a great effect in increasing the proportion of carbon, as 
shown in the folloiving table 


Final 1 Time of 
Temperature. 1 Heating. 
1 - 

Fercentage 1 
of Carbon, j 

Final 

Temperature. 

Time of 
Heating. 

Percentage 
of Carbon. 

410° C. 1 5 hours 

414° ' „ 

490° 3 i 

S1.65 ' 

S3. 14 

S4..9 1 

490° C. 

555 ° 

558° 

2j hours 
3 i 

ff 

86. 34 

83-32 

86.52 


COj-fXO-fNO;. The XO and X( 
p bdbly be decomposed into their elements by the violent detonation. 
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The charcoal prepared between 260° and 320° 0 . has a brown colour 
{cJiarbon roicx), and since it is more easily inflamed than the black char- 
coal obtained at higher temperatures, it is used in powders where the 
proportion of sulphur is reduced. It is prepared by exposing the wood, 
in an iron cylinder, to the action of high-pressure steam heated to 
about 280° C. Charcoal prepared at low temperatures gives somewhat 
higher velocities, but absorbs much more moisture than that prepared 
at high temperatures. 

Light wood, such as alder, willow, and dogwood, are selected for 
the preparation of charcoal for gunpowder, because they yield a lighter 
and more easily combustible charcoal, dogwood being employed for the 
best quahty of powder for small arms. This wood is chiefly imported, 
since it has not been successfully grown in this country. The wood is 
stripped of its bark, and either exposed for a length of time to the air, 
or dried in a hot chamber. Considerable loss of charcoal takes place if 
damp wood be charred, a portion of the carbon being oxidised by the 
steam at a high temperature. 

In order to convert the wood into charcoal, i|- cwt. of wood is packed 
into a sheet-iron cylinder or slip (fig. 57, p. 73), one end of which is closed 
by a tightly-fitting cover, and the other by a perforated plate, to allow 
of the escape of the gases and vapours expelled during the carbonisation. 
This cyhnder is then introduced into a cylindrical cast-iron retort, built 
into a brick furnace, and provided with a pipe (L) for the escape of the 
products, which are usually carried back into the furnace (B) to be 
consumed. The process of charring occupies from 2^ to hours, and 
as soon as it is completed, which is known by the violet tint of the 
(carbonic oxide) flame from the pipe leading into the fire, the slip is 
transferred to an iron box or extinguisher, where the charcoal is allowed 
to cool. About 40 lbs. of charcoal are obtained fi’om the above quantity 
of wood. Charcoal prepared by this process is spoken of as cylinder 
charcoal, to distinguish it from pit charcoal, prepared by the ordinary 
process of charcoal-burning described at page 73, and which is employed 
for fuze compositions, &c., but not for the best gunpowder. The fitness 
of the charcoal for the manufacture of powder is generally judged of by 
its physical characters. It is of course desirable that the charcoal should 
be as free from incombustible matter as possible. The proportion of the 
ash left by different charcoals varies considerably, but it seldom exceeds 
2 per cent. This ash consists chiefly of the carbonates of potassium and 
calcium ; it also contains calcium phosphate, magnesium carbonate, 
silicate and sulphate of potassium, chloride of sodium, and the oxides 
of iron and manganese. 

The charcoal is kept for about a fortnight before being ground, for 
if ground when fresh, before it has absorbed moisture and oxygen from 
the air, it is liable to spontaneous combustion. The grinding is effected 
in a mill resembling a coffee-mill, and the charcoal is afterwards sifted. 

The properties of charcoal have been already described ; its great 
tendency to absorb moisture from the air is of some importance in the 
manufacture of gunpowder, from its causing a false estimate to be 
made of the proportion employed, unless the actual amount of water 
present in the charcoal is known. 

• Do^ood charcoal is not made from the true dogwood CconiHs"), but from the alder 
onckthom (liliamntis fraiigtiJa), commonly called black dogwood. 
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Tew chciTcoctl is tlie namG given, to sticks of cliarcoal ■wliicli liave acci- 
dentally become coated with a shining film of carbon left behind by tar 
■\vhich has condensed upon it in the retorts it is sometimes rejected by 
the powder manufacturer. 

The charcoal used in cocoa-powder appears to be made from rye-straw 
carbonised at a very ‘low temperatime so as to obtain a very brown 
charcoal poor in carbon (about 48 per cent, carbon and 4-75 cent, 
hydrogen.) In Oliver piowder, part of the charcoal is replaced by un- 
carbonised peat. 

Sulphur for G-unpowber. — Distilled sul2Jhiw (page 205) is the 
variety always employed for the manufacture of gunpowder' in the 
Government factory, the sublimed sidphur being employed for fuze com- 
positions, &c. The alleged reason for the preference is that the sub- 
limed sulphur, hamng been deposited in a chamber containing much 
sulphurous and sulphuric acid vapours,* its pores have become charged 
with acid which would be injurious in the powder; but it has been 
pointed out (page 208) that distilled sulphur consists entirely of the 
soluble, or electro-negative variety of sulphur, whilst sublimed sulphur 
contains a large proportion of the insoluble or positive sulphur, which 
would probably influence its action in gunpowder. The sulphur should 
leave scarcely a trace of incombustible matter when burnt, and after 
stiri’ing the powdered sulphur for some time Avith warm distilled water, 
the latter should only very feebly redden blue Htmus. As an ingre- 
dient of gunpowder, sulphur is valuable on account of the low tempera- 
ture (500° F., 260° C.) at which it inflames, thus facilitating the ignition 
of the powder. Its oxidation by saltpetre is also attended with the pro- 
duction of a higher temperature than is obtained with charcoal, which 
has the effect of accelerating the combustion anfl of increasing, by ex- 
pansion, the volume of gas evolved. The sulphur is ground under edge- 
runners (fig, 253) and sifted. 

The difference in the inflammability of sulphur and charcoal is strikingly shown 
by heating a square of coarse wire-gauze over a flame till it is red-hot in the 
centre, placing it over a jar of oxygen, allowing it to cool till it no longer kindles 
charcoal-power sprinkled through it from a pepper-box, and whilst the cloud of 
charcoal is still floating in the gas, throwing in sulphur from a second box ; the 
hot gauze will inflame the sulphur, and this will kindle the charcoal. 

An iron rod allowed to cool below redness may be used to stir a mixture of 
charcoal with (3 parts of) nitre; but if dipped into powdered sulphur, at once 
inflames it, and the flame of the sulphur will kindle the mixture. The effect of 
the same rod upon mixtures of nitre with charcoal alone, and with charcoal and 
sulphur, is instructive. 

The acceleration of the combustion of gunpowder by the sulphur is well shown 
by laying a train, of which one-half consists of a mixture of 75 nitre and 25 char- 
coal, and the other of 75 nitre, 15 charcoal, and 10 sulphur, a red-hot iron being 
applied at the junction of the two trains to start them together. 

Manufacture of Gunpowder, — The proportions of the ingredients of 
gunpowder have been varied somewhat in different countries, the salt- 
petre ranging from 74 to 77 per cent., the charcoal from 12 to 16 
per cent., and the sulphur from 9 to 12.5 per cent. English Govern- 
ment powder contains 75 per cent, of nitre, 15 per cent, of charcoal, 
and 10 per cent, of sulphur. An extra pound of saltpetre is generally 
added at "Waltham, to compensate for loss in manufacture. 

* For certain compositions in which sublimed sulphur is used, it is well washed with 
water m order to remove the acid from its pores. 
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The powdered ingredients^ are first roughly mixed in a revolving 
gun-metal drum, with mixing arms turning in an opposite direction, 
and the mixture is subjected, in quantities of about 50 lbs. at a time, 
to the action of the ioicoo'porating mill (fig. 253), where it is sprinkled 
with water, poured through the funnel (F), or from a can ■with a fine 

rose, and exposed to trituration and 
pressure under two cast-iron edge- 
runners (B), rolling round in different, 
paths upon a cast-iron bed, a very 
intimate mixture being thus effected 
by the same kind of movement as in 
a common pestle and mortar, the dis- 
tribution of the nitre through the 
mass being also assisted by its solu- 
bility in water. A wooden scraper (C) 
tipped with copper prevents the roller 
from getting clogged, and a plough 
(D) keeps the mixture in the path. 
Of course, the water employed to 
Eig- 253- — Incorporating mill moisten the powder must be as free 

from deliquescent salts (especially 
chlorides, see page 488) as possible ; at Waltham, condensed steam is 
employed : the quantity required varies with the state of the atmo- 
sphere. The duration of the incorporating process is varied according 
to the kind of powder required, the slow-burning powder employed for 
cannon being sufficiently incorporated in about three hours, whilst rifle- 
powder requires five hours. 

The dark grey mass of mill-cake which is thus produced contains 
2 or 3 per cent, of water. It is broken up by passing between grooved 
rollers of gun-metal, and is then placed, in. layers of about half an inch 
tlfick, between copper plates packed in a stout gun-metal box lined 
inside and outside with wood, in which it is subjected for a quarter of 
an hour to a pressure of about 70 tons on the square foot, in a hydraulic 
press, which has the effect of condensing a larger quantity of explosive 
material into a given volume, and of diminishing the tendency of the 
powder to absorb moisture from the air and to disintegrate or dust after 
granulation. The press-cake thus obtained is very hard and compact, 
resembling slate in appearance. As far as its chemical nature is con- 
cerned it is finished gunpowder, but if it be reduced to powder and a 
gun loaded with it, the combustion of the charge is foimd to take place 
too slowly to produce its full effect, since the pulverulent form offers so 
great an obstacle to the passage of the flame by which the combustion 
is communicated from one end of the charge to the other. The press- 
cake must, therefore, be granulated (coriied) or bi’oken up into grains 
of sufficient size to allow the rapid passage of the flame between them, 
and the consequent rapid firing of the whole charge. The granulation 
is effected by crushing the press-cake between successive pairs of toothed 
gun-metal rollers, from which it falls on to sieves, which separate it 
into grains of different sizes, the dust, or meal p)oxcdefr, passing through 
the last sieve. At Waltham, the E.L.G. (rifle large grain) passes 

• The amount of water in the moist saltpetre (p. 488) is ascertained by drying and 
melting a weighed sample before the proportions are weighed out. 
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tlirough. a siev6 of 4 niosliGS to tlio incli, and is retained on one of 
8 meshes, whilst E-F-G. (rifle flne grain) passes through a 12 -mesh, 
and is retained on a 20-mesh sieve. The granulated powders are freed 
from dust by passing them through revolving cylinders of wooden 
framework covered with canvas or wire cloth, and the fine-grain powder 
is glazed by the friction of its own grains against each other in revolv- 
ing barrels. The large-grain powders are sometimes glazed or faced, 
Avith graphite, hy introducing a little of that substance into the glazing- 
barrels with the powder. The powder is dried in a chamber heated by 
steam, very gradually, so as not to injure the grain, and is once more 
dusted in canvas cylinders before being packed. ^ 

Eor very large charges, the grains having a diameter of to -g inch' 
(E.L.G.) are found to burn too rapidly, exerting too great a strain, 
upon the gun. In such cases, pebble powder , the grains of which vary 
from I to inch or more in diameter, is employed. Prismatic poiodev 
consists of large grains made of a regular six-sided prismatic form by- 
compressing the powder-meal (without previously making it into press- 
cake) in moulds, Avith metal punches, whereas the pebble powder is- 
irregular in form. The prismatic powder is made with perforations- 
in the direction of its length to facilitate the passage of flame through 
the charge. Pellet powder is moulded in a similar manner into cylindrical! 
pellets about J inch long and f inch in diameter, perforated at one end , 
to about the centre. 

For the purpose of prolonging the explosion of the powder, a desidera- 
tum for heavy ordnance, the percentage of sulphur is now reduced and 
the necessary combustibility imparted to the powder by the use of a 
charcoal burnt at a low temperature. Thus cocoa-powder, or brown 
powder, is made with 79 per cent, nitre, 2 per cent, sulphur, and 18 per 
cent, of the broivn charcoal from rye-straw (see p. 491). The small 
proportion of sulphur makes it burn slowly, notwithstanding the broivn 
charcoal. In mining powders, where the opposite effect is required, the 
percentage of sulphur is increased in order to increase the rapidity of 
combustion, and at the same time the percentage of charcoal is increased ; 
such a poAvder will contain 67 per cent. KlSTOg, 19 per cent, charcoal,, 
and 14 per cent. S. 

309. Properties op Gunpowder. — Good gunpowder is composed of 
hard angular grains, Avhich do not soil the fingers, and have a perfectlj 
uniform dark grey colour. Its specific gravity {absolute density), as 
determined by the densimeter,* varies between 1.67 and 1.84, and its 
apparent density (obtained by weighing a given measure of the grain 
against an equal measure of water) varies from 0.89 to 0.94, so that a 
cubic foot will weigh from 55 to 58 lbs. When exposed to air of average 
dryness, gunpowder absorbs from 0.5 to i per cent, of water. In 
damp air it absorbs a much larger proportion, and becomes deteriorated 
in consequence of the saltpetre being dissolved, and crystallising upon 
the surface of the grains. Actual contact with water dissolves the salt- 
petre and disintegrates the grains. When very gradually heated in air,. 
gunpoAvder begins to lose sulphur, even at 100° 0 ., this ingredient 
passing off" rapidly as the temperature rises, so that the greater part of 
it may be expelled Avithout inflaming the powder, especially if the 


* ^ apparatus for determining the weight of mercury displaced by a given- 

weight of gunpowder, from which all the air has been exhausted. j a cu 
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powder be heated in carbonic acid gas or hydrogen, to prevent contact 
with air. If gunpowder be suddenly heated to 600° F. (315° C.) in air, 
it explodes, the sulphur probably inflaming first; but out of contact 
with air a higher temperature is required to inflame it. The ignition 
of gunpowder by flame is not ensured unless the flame be flashed among 
the grains of powder ; it often takes some time to ignite powder mth 
the flame of a piece of burning paper or stick, but contact 'with a red- 
hot solid body inflames it at once. A heap of good powder, when fired 
on a sheet of white paper, burns without sparks and -without scorching 
or kindling the paper, which should exhibit only scanty black marks of 
charcoal after the explosion. If the powder has not been thoroughly 
incorporated, it will leave minute globules of fused nitre upon the 
paper. Two ounces of the powder .should be capable of throwing a 
68-lb. shot to a distance of 260 to 300 feet from an 80-inch mortar at 
45° elevation. 

This mode of testing powder by the eprouvette mortar is not now applied to 
Government powders. Far more accurate results are obtained by measuring the 
velocity imparted to a projectile of known weight by a given charge of the 
powder. The velocity is measured by means of a c/troreoscope, which registers the 
distance travelled by the shot in a given time by causing it to cut the wire of one 
electrical circuit at the commencement of its flight, and that of another at the 
conclusion, thus telegraphing its velocity to the instrument-room at a distance. 

Cannon powder (R.L.G. ) is tested by firing a charge of i lb. from a muzzle- 
loader rifled gun, with a 12-lb. shot. Small-arm powder (R.F.G.) is fired from a 
Snider-Enfield or Martini-Henry rifle. The mean velocity at a distance of 105 
feet from the muzzle is determined. For R.L.G. it amounts to about 1000 feet 
per second. A charge of 70 grs. of R.F.G. in the Snider-Enfield rifle gives a 
velocity somewhat greater than this. 

Yery fortunately, it is difficult to explode gunpowder by concussion, 
tbougb it has been found possible to do so, especially on iron, and acci- 
dents appear to have been caused in this way by the iron edge-runners 
in the incorporating mill, when the workmen have neglected the special, 
precautions which are laid down for them. The use of stone upon iron 
in the incorporation is avoided, because of the great risk of producing 
sparks, and copper is employed in the various fittings of a powder-mill 
wherever it is possible. 

The electric spark is, of course, capable of firing gunpowder, though 
it is not easy to ensure the inflammation of a charge by a spark unless 
its conducting power is slightly improved by mixing it with a little 
graphite, or by keeping it a little moist, which may be efiected by intro- 
ducing a minute quantity of calcium chloride. 

310. Products of Explosion of Gunpowder. — In the explosion of 
gunpowder, the oxygen of the nitre converts the carbon of the charcoal 
chiefly into carbon dioxide (CO,), part of which assumes the gaseous 
state, whilst the remainder is converted into potassium carbonate (KjGOg). 
The greater part of the sulphur is converted into potassium sulphate 
(K,SOJ. The chief part of the nitrogen contained in the nitre is 
evolved in the uncombined state. The rough chemical account of the 
explosion of gunpowder, therefore,. is that the mixture of nitre, sulphur, 
and charcoal is resolved into a mixture of potassium carbonate, potas- 
sium sulphate, carbon dioxide, and nitrogen, the two last being gases, 
the elastic force of which, when expanded by the heat of the combustion, 
accounts for the mechanical eflect of the explosion. 

But in addition to these, several other substances are found among 
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the products of the explosion. Thus, the presence of potassium sulphide 
(K S) may be recognised by the smell of hydrogen sulphide produced 
on moistening the solid residue in the barrel of a gun, and hydrogen 
sulphide (H,S) itself may often be perceived in the gases produced by 
the explosion, the hydrogen being derived from the charcoal. A little 
marsh gas (OHJ is also found among the gases, being produced by the 
decomposition of the charcoal, a portion of the hydrogen of ^ which is 
also disengaged in the free state. Carbonic oxide (CO) is always 
detected among the products. It is evident that the collection for 
analysis of the products of explosion must be attended with some trouble, 
and that considerable differences are to be expected between the results 
obtained by different operators, from the variation of the circumstances 
under which the powder is fired and the products collected. When the 
powder is slowly fired, a considerable proportion of the nitrogen in the 
saltpetre is evolved in the form of nitric oxide gas (NO), which is not 
found among the products of the I’apid explosion of powder. 

Experiments upon the explosion of gunpowder were made by Noble and Abel, 
in 1874, under conditions very similar to those which occur in practice, the 
powder having been confined in a strong vessel of mild steel, in which the powder 
was fired by electricity, so that the gaseous and solid products of the explosion 
remained within the vessel, and could be submitted to analysis. 

Three samples of powder manufactured at Waltham Abbey were thus examined. 
Their composition is stated in the following table : — 



Pebble 

Powder. 

Rifle 

Large Grain. 

Pine Grain. 

Nitre 

Sulphur 

Charcoal, viz., Carbon 

Hydrogen 
Oxygen . 

Ash . 

Water 

Potassium sulphate 

74.67 

10.07 

12.12 

0.42 

1.45 

0.23 

0.95 

0.09 

74-95 
10.27 
10.86 
0.42 
• 1-99 
0.25 

I. II 

0.15 

73-55 

10.02 

11.36 

0.49 

2.57 

0.17 

1.48 

0.36 

100.00 

100.00 

100.00 


The quantities of gunpowder exploded in different experiments varied from 
34 oz. to I lb. 10 oz., and the pressures observed varied from i ton to over 36 tons 
on the square inch. The solid products were found almost entirely collected at 
the bottom of the vessel, forming an exceedingly hard mass of a dark olive-green 
colour, exceedingly deliquescent, smelling strongly of hydrogen sulphideT and 
frequently also of ammonia. In some instances the solid residue was observed to 
become heated by exposure to air, from the rapid absorption of oxygen. 

• The following table shows the proportions of solid and gaseous products 
furnished by each powder, when the ratio between the volume of the charge and 
that of the containing space was varied so that the maximum pressures attained 
were those stated at the head of each column : , 



Pebble Powder, 

RifleLarpe Grain. 

Pine Grain. 

Pressure, in tons per square inch . 
Weight of solid products from 100 

parts powder 

Weight of gaseous products from 
100 parts powder .... 

1.40 

56.12 

43.88 

12.50 

55-17 

44-83 

1.60 

57.22 

42.78 

35.60 

57-14 

42.86 

3-70 

58-17 

4I.S3 

18.20 

58.09 

41.92. 


The permanent gases generated by the explosion were found to occupy, at 
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0° 0 . and at ordinary atmospheric pressure, about 280 times the volume of the 
original powder. 

The products of explosion furnished by i gram of each powder were — 



Pebble 

Powder. 

Eifle Large 
Grain. 

Fine Grain. 

Potassium carbonate (K„COj) 

•3258 

•3415 

.2861 

■ „ sulphate (K^SO^) 

.0710 

.0844 ■ 

.1252 . 

„ sulphide (BUS) . 

.1042 

.0807 

.0999 

„ sulphocyani"de(KCNS) 

.0014 

.0013 

.0007 

„ nitrate (KNO3) . 

.0013 

.0015 

.0009 

Ammonium carbonate . 

.0005 

.C004 

.0003 

Sulphur 

.0445 

.0490 

.0381 

Charcoal 

.0008 

.0004 

... 

Total solid products . 

•5495 

•5592 

•5512 



Pebble 

Powder. 

Eifle Large 
Grain. 

Fine Grain. 

Carbonic acid gas (C 0 „) 

.2685 

.2630 

.2689 

Carbonic oxide (CO) . 

.0477 

.0422 

•0355 

Nitrogen 

.1123 

.1117 

.1123 

Sulphuretted hydrogen (H„S) 

.0111 

.0109 

.0101 

Marsh gas (CH^) .... 

.0006 

.oooS 

.0004 

Hydrogen 

.0006 

.0009 

.0007 

Oxygen 

... 

.0002 

.0003 

Total gaseous products 

.4408 

.4297 

.4282 


From this table it appears that the solid residue of fired gunpowder consists 
chiefly of potassium carbonate and sulphate, with usually smaller proportions of 
potassium sulphide. The gases evolved are chiefly carbonic acid gas and 
nitrogen, with a small quantity of carbonic oxide. 

The great variation in the proportions of sulphate and sulphide of potassium, 
coupled with our knowledge of the mutual relations of these bodies at high 
temperatures, would support the belief that the sulphate is first produced, and is 
partially converted into sulphide by secondary reactions. 

31 1. Calculation of the Foece op Fieed Gunpowdee. — The complex 
character of the decomposition, and its variation under different conditions, 
render it impossible to write a single general equation representing the explosion 
of gunpowder ; but in order to illustrate the method of calculating the force of 
fired powder in any given case, we may take the following equation as a simple 
expression of the principal reaction : 

' 4UNO3 + + S = KoCOj + KjSOj + N4 + 2 C 0 „ + CO. 

The mechanical force exerted in explosion depends upon the production of a 
large volume of gas from a small volume of solid, the volume of the gas being 
increased by the expansive effect of the heat generated in the combustion of the 
charcoal and sulphur. To calculate the amount of this mechanical force, it is 
necessary to ascertain the volume of gas which would be evolved by a given 
volume of powder, and the extent to which the gas would be expanded by the 
heat at the instant of explosion. 

It is calculated, from the Table of Atomic Weights, that — 

4KNO3 =101 X 4 = 404 grammes 
C^ = 12 X 4 = 48 
S 32 ' „ 


n 


Gunpowder . 


484 
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Grammes. Litres at o° C. and 760 mm. Bar. 
= 14 X 4 = 56 = II -2 X 4 = 44 8 

2C0„ = 44 X 2 =: 88 = 22.4 x 2 = 44.8 

C 0 ‘ =28 . = 22.4 


Gaseous products 172 grammes 112.0 litres. 

Hence it appears that 484 grammes of gunpowder would yield 112 litres of gas 
measured at 0° 0. and 760 mm. barometric pressure. 

We have next to determine the volume of this gas at the moment of the 
explosion. 

The total heat produced in the explosion of i part by weight of gunpowder 
was found by Noble and Abel to raise the temperature of 714- S P^irts by weight of 
water from 0° 0 . to 1° 0 ., or to raise the temperature of i part by weight of 
water from 0° 0 . to 7 i 4°.5 0 ., supposing the water to be capable of bearing so 
great an elevation of temperature without change of state or of specific heat. 

This result is generally expressed by saying that the combustion of the powder 
evolves 714.5 units of heat (the unit of heat being the quantity required to raise 
I part by weight of water from 0° C, to 1° C.). 

But the products of the explosion of powder will be raised to a higher tem- 
perature than 7i4°.S C., because their specific heat is lower than that of water. 

For the purpose of this calculation, the specific heat of a substance may be 
defined as the quantity of heat required to raise 1 gramme of the substance 
through 1° 0., the specific heat of water being taken as the unit. 

It is evident that if the specific heat of each product of the explosion be multi- 
plied by the actual weight of that product, the result will be the quantity of heat 
required to raise that product 1° in temperature. 

The specific heats of the products have been ascertained by experiment, and 
are contained in the third column in the following table. The actual weight of 
each product from the explosion of i gramme of powder is contained in the 
second column, and the fourth column shows the quantity of heat required to 
raise each product 1° 0. (representing as unity the quantity of heat required to 
raise i gramme of water from 0° C. to 1°. C). 

Calculating from the above equation, the unit weight of gunpowder gives — 


Potassium carbonate 
„ sulphate . 
-Nitrogen . 

Carbonic acid gas . 
„ oxide 


. 0.28 

Specific Heat. 


X 

0.2162 = 

0.0605 

• 0.36 

X 

0.I90I =r 

0.0684 

. 0.12 

X 

0.2438 = 

00293 

. 0.18 

X 

0.2163 = 

O.O3S9 

. 0.06 

X 

0.2450 = 

0.0147 

0.2118 


The quantity of heat, therefore, which is required to raise, through 1° C., the 
joint products of the explosion of i gramme of gunpowder is 0.2118 of the above- 
mentioned unit of heat. 

Dividing the 714.5 units of heat generated in the explosion by the quantity of 
heat required to raise the joint products through 1°, we obtain 3373° C. for 
the number of degrees 'through w'hich the products will be raised by the explosion. 

The expansion of gases w^hen heated amounts to — of their volume at 0° for 

273 

each degree of temperature. 

Hence 3373° would expand the gas by ^ = (about) 12 times its volume at 

o , or each volume of gas at 0° would become 13 volumes at the moment of 
explosion. 

fhe 112 litres of gas from 484 grammes of powder -would become 112 x 13, or 
1450 litres at the moment of explosion ; and i gramme of powder -would give 

^^1 or 3.008 litres =3008 cubic centimetres of gas. 

In an ordinary charge of gunpowder, i gramme occupies a space of one cubic 
centimetre, but since, according to Noble and Abel, the fused solid products 
occupy one-third of the volume of the original po-wder charge, there would be | 
cubic centimetre to be occupied by the 3008 c.c. of gas. 
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Since the pressure of gases increases in proportion as their volume is diminished, 
the 300'8 c.c. of gas, when confined in a space which would contain only § c.c. at 
the normal pressure of. one atmosphere, must exert a pressure of 3008 xf =4512 
atmospheres or 4512 x 14.7 lbs., or 29.6 tons per square inch. 

The experiments of Noble and Abel gave 2S0 volumes of gas at 0° from one 
volume of powder, instead of 231.4 volumes, as required by the equation; these 
280 volumes would become 3640 volumes at the temperature of the explosion, and 
would exert a pressure of 5460 atmospheres in the space available for the gas ; 
this amounts to nearly 36 tons per square inch. 

Variations in the proportions of the ingredients of gunpowder have less effect 
upon the total energy of the powder than upon its rate of burning. Thus, a slowly 
burning powder containing a large proportion of charcoal will exert the same 
pressure in a closed vessel as is exerted by military powder. For, when the pro- 
portion of carbon is large, more of the oxygen of the nitre is converted into 
carbonic oxide and less into carbon dioxide ; and a given quantity of oxygen, 
when converted into CO, gives twice as large a volume of gas as when converted 
into CO„. But the formation of COj, from a given weight of oxygen, develops 
1.6 times as much heat as that of CO, so that the thermal value of a powder varies 
inversely as the volume of gas measured at 0° ; and the maximum pressure pro- 
duced by the explosion is nearly the same for powders differing greatly in com- 
position. This is illustrated by the results of Noble and Abel : 



Composition. 



Maim. Pressure 

Powder. 




Value. 

Gas at 0°. 

in Tons per 


Nitre. 

Ch. 

s. 



Square Inch. 

Mining . 

67 

19 

14 

509 

360 

44 

Military . 

75 

IS 

10 

714 

280 

43 


In calculating the pressure, it is supposed, of course, that the whole of the gas 
is evolved at once, and is immediately raised to the same temperature, conditions 
never fulfilled in the use of gunpowder in small arms or in cannon, where the 
/jombustion of the charge is not instantaneous, but rapidly progressive, where the 
confining space is rapidly enlarged by the movement of the projectile long before 
the whole of the charge is exploded, and where the heated gas is cooled by con- 
tact with the metal of the piece. 

The calculation given above can be regarded only as an illustration of the 
method, as there are several circumstances which vitiate the conclusion arrived 
at. The chemical equation on which it is based is confessedly imperfect. We 
know little or nothing of the real condition of the products at the moment 
of the explosion ; it is probably very different from that after cooling, when we 
examine them. From what is known of the effect of heat upon carbonic acid gas 
and carbonic oxide, it is almost certain that these gases are at least partially 
resolved into their elements at the moment of explosion, and it is scarcely likely 
that the complex molecules of sulphate and carbonate of potassium would exist 
at so high a temperature. Any breaking up of the molecules of carbonic acid 
gas, of sulphate and carbonate of potassium, would increase the expansion, and 
render the above estimate of the force of fired powder too low. 

If dissociation, or temporary decomposition of the products, occurs as a result 
of the high temperature, the acts of combination which must take place during 
the expansion and consequent cooling must be attended with evolution of heat, 
rendering the decrease of pressure more gradual than it would be otherwise. 

The actual rate of expansion of gases at so high a temperature is inferred from 
our experience of their behaviour at comparatively low temperatures, and there 
are some indications of a want of agreement under the two conditions. 

The experiments of Andrew's have shown that, even at a pressure of 100 atmo- 
spheres, carbonic acid gas exhibits striking deviations from the law' that the 
pressure exerted by a gas is inversely as its volume. 

Debus expresses the limits of the composition of all mixtures used as gun- 
powder by the formulae 4KN O3 -b Cj and 2KN O3 + C3 + S„, and regards all gunpowders 

as mixtures ofthese compositions, or of these with the mixtureaKNO -j-C + S. The 

explosion of each of these mixtures may be repre.sented by the three equations 

(1) 4KNO3 -b Cj = 2K3CO3 + 3CO„ + 2N„; 

(2) 2KNO3 -b C -b S = K„SO. + CO„ -b N„- 

(3) 2KNO3 -b C3 -b S. = Its. -b 3CO.‘ -b N.!.’ 
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Eauation (i) would give rise to the greatest energy; equation (2) to the highest 
temperature ; and equation (3) to the largest volume of gas, inasmuch as it repre- 
sents the final result of a series of reactions culminating in the complete reduction 

^^A^pov^er containing about 77.6 per cent. KNO^. 11.6 per cent. Ch., and lo.S 
Tier cW. S mieht be expected to explode in accordance with the equation— 

^ 16KNO, + 20.7C + 6.8 S = 3.885K2CO3 + 13.8 CO„ + 1.428ICSO4 + 3Cp^+ ; 

2.686 + SN,. 

Such a reaction would yield, per gram of powder, 266.7 c.c. of gas and 664.3 
gram-units of heat, or a relative efficiency (according to Berthelot’s method of 
calculation) of 266.7x664.3=177169. ■> • . J - 

The period over which the combustion of a given weight of powder 
extends will, of course, depend upon the area 'of surface over which it 
can he kindled ; thus a single fragment of powder weighing 10 grains, 
even if it were instantaneously kindled over its entire surface, could riot 
'evolve so much gas in a given time as if it had been broken' into 10 
separate grains, each of which was kindled at the same instant, since the 
inside of the large fragment can only be kindled from the outside. Upon 
this principle a given weight of powder in large grains will occupy a 
longer period in its explosion than the same weight in small grains, so 
that the large-grain powder is best fitted for ordnance, where the ball is 
very heavy, and the time occupied in moving it will permit the whole of 
the charge to be fired before the ball has left the muzzle, whilst in small 
arms with light projectiles, a finer grained and more quickly burning 
charge is required. If the fine-grain powder were used in cannon, the 
whole of the gas might be evolved before the containing space had been 
sensibly enlarged by the movement of the heavy projectile, and the gun 
would be subjected to an unnecessary strain ; on the other hand, a large- 
grain powder in a musket would evolve its gas so slowly that the : ball 
might be expelled with little velocity by the first half, of it, and the 
remainder would be wasted. There is good reason to believe that even 
under the most favourable circumstances a large proportion of every 
charge of powder is discharged unexploded from the muzzle of the gun, 
and is therefore wasted. In blasting rocks and other mining operations, 
the space within which the powder is confined is absolutely incapable 
of enlargement until the gas evolved by the .combustion has attained 
sxifficient pressure to do the whole work, that is, to rend the rock, for 
example, asunder. Accordingly, a slowly burning charge will produce the 
effect, since the rock must give way when the gas attains a certain pres- 
sure, whether that happen in one second or in ten. Indeed,' a slowly 
burning charge is advantageous, as being less liable to shatter the rock 
or coal, and bringing it away in largeranasses with less danger. Barium 
nitrate and sodium nitrate are sometimes substituted for a part of 
the potassium .nitrate in mining powder, its combustion being thus re- 
tarded. 

same charge of the same powder produces very different results when 
heated in different ways. If 5 grains of gunpowder be placed in a wide test-tube 
and fired by passing a heated wire into the tube, a slight puff only is perceived ; 

powder be heated in the tube by a spirit lamp, it will 
explode with a loud report, and perhaps shatter the tube (a copper or brass tube 
is safer). In the first place, the combustion is propagated slowly from the par- 
ticle first touched by the wire ; in the second, all the particles are raised at once 
to pretty nearly the same temperature, and as soon as one explodes, all the rest 
follow instantaneously. c > 

gunpowder is slowly fired, the products of its decomposition are 
■different from those mentioned above ; thus, nitric oxide (UO), arising 
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from incomplete decomposition of the nitre, is perceived in considerable 
quantity, and may be recognised by the red colour produced when it i& 
brought in contact Avith air. 

The white smoke resulting from the explosion of gunpowder consists 
chiefly of the sulphate and carbonate of potassium in a A’^ery finely dmded 
state ; it seems probable that at the instant of explosion they are con- 
verted into A’^apour, and are afterwards deposited in a state of minute 
division as the temperature falls. From this it Avill be obvious that a 
powder that is required to be smokeless must be free from such saline 
products of explosion (see N'itroglycerine). The fouling or actual solid 
residue in the gun is very trifling when the powder is dry and has been 
Avell incorporated ; a damp or slowly burning powder leaves, as might 
be expected, a larger residue. The residue ahvays becomes wet on ex- 
posure to air, from the great attraction for moisture possessed by the 
carbonate and sulphide of potassium. 

When lo grains of Waltham Abbey gunpowder are fired in a strong air-tight 
steel cylinder, Avith a cavity about an inch high and half an inch in diameter, 
by the galvanic battery, the interior of the cavity is covered with a snow-white 
powder composed of sulphate and carbonate of potassium, which deliquesces 
rapidly in a damp atmosphere. No nitric oxide is found in the gas formed by 
the explosion. 

If a small quantity of powder be slightly damped and rammed into a wooden 
tube, in the mouth of which a piece of quick match is inserted, the charge may 
be kindled, and the tube held with its mouth under water, so that the gases may 
be collected in an inverted jar. These will be found to contain NO (giving a 
brown colour in contact with air), H„S (giving a black precipitate with lead 
acetate), beside the CO, (giving a white precipitate with lime water), CO, and N. 

The charge should Fe carefully rammed, and the wooden tube (or fuze) held 
with tongs, as it sometimes explodes. 

312. Effect of variations of atmospheric pressure on the comhustion of 
gunpioieder. — From the circumstance that the combustion of gunpoAvder 
is independent of any supply of oxygen from the air, it might be sup- 
posed that it would be as easily inflamed in vacuo as under ordinary 
atmospheric pressure. This is not found to be the case, however, for a 
mechanical reason, viz., that the flame from the particles which are first 
ignited escapes so rapidly into the vacuous space, that it does not inflame 
the more remote particles. For a similar reason, charges of poAvder in 
fuzes are found to burn more sloAvly under diminished atmospheric pres- 
sure, the flame (or heated gas) escaping more rapidly and igniting less 
of the remaining charge in a given time. It has been determined that 
if a fuze be charged so as to burn for thirty seconds under ordinary 
atmospheric pressure (30 inches barometer), each diminution of i inch 
in barometric pressure will cause a delay of i second in the combustion 
of the charge, so that the fuze will burn for thirty-one seconds when the 
barometer stands at 29 inches. 

The manufacture of gunpowder may be illustrated by the following experiments 
on a small scale : — 

Pr^aration of the wgredients. — Charcoal .. — A few small pieces of wood are 
placed in a clay crucible, which is then filled up with dry sand and heated in 
.a moderate fire as long as any vapours are evolved, when it may be set aside 
to cool. 

Sulphur . — 500 grains of roll sulphur may be distilled in a Florence flask, using 
another flask, the neck of which has been cut off (fig. 182), for a receiver from 
which the sulphur is afterwards poured, in a melted state, upon a piece of tin- 
plate. A plain retort with a wide short neck may be substituted for the Florence 
flask. 

Aitre . — icoo grains of impure nitre are dissolved, at a moderate heat, in 4 
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measured ounces of distilled water, in an evaporating dish (fig. 44) ; the solution 
is filtered into a heater which is placed in cold water, and stirred wdth a glass rod 
until it is quite cold. The saltpetre flour thus obtained is collected upon a filter, 
thoroughly drained, the filter removed from ^he funnel, spread out, the saltpetre 
transferred to another piece of filter-paper, and pressed between the paper- to 
remove as much of the liquid as possible ; it is then spread out on paper and dried 
on a hot brick. (For the mode of testing its purity, see page 488. ) 

Mixture of the ingredients— Sixtj grains of the charcoal, reduced to a very fine 
powder, 40 grains of the sulphur, also previously powdered, and 300 grains of the 
dried nitre, are very intimately mixed in a mortar ; 50 grains of the mixture are 
set aside for comparison. To the remainder enough water is added to make it 
into a stiff cake, which is well incorporated under the pestle for sometime. It is 
then scraped out of the mortar and allowed to dry slowly at a very gentle heat. 
When perfectly dry, it is crumbled to a coarse powder, and the dust sifted out 
through a piece of wire gauze. It will be found instructive to compare, in trains 
and otherwise, the firing of the powder in grains, of the dust, and of the mixed 
ingredients without incorporation, observing especially the difference in rapidity 
of burning and in the amount of residue. 
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313. Several of the applications of chemical principles in the com- 
bustion of fuel have been already explained and illustrated. The object 
of this section is to compare the chemical composition of the most 
important varieties of fuel, and to exemplify the principles upon which 
then* heating power may be calculated from the results furnished by 
their analysis. 

All the varieties of ordinary fuel, of course, contain a large propor- 
tion of carbon, always accompanied by hydrogen, generally by oxygen, 
and sometimes by small proportions of nitrogen and sulphur. Certain 
mineral substances are also contained in all solid fuels, and compose the 
ash when the fuel is burnt. 

For all practical purposes it may be stated that the amount of heat 
generated by the combustion of a given weight of fuel depends upon 
the weights of carbon and hydrogen, respectively, which enter into 
combination -with the oxygen of the air in the act of combustion of the 
fuel. 

It has been 'ascertained by experiment that i lb. of carbon (in the 
form in which it exists in wood-charcoal), when combining with oxygen 
to form carbon dioxide, produces a quantity of heat which is capable of 
raising 8080 lbs. of water from 0° to 1° of the centigrade thermometer. 
This is usually expressed by saying that the calorific value of carhon is 
S080, or that <^rbon produces 8080 units of heat during its combustion 
to carbon dioxide. If the fuel, therefore, consisted of pure carbon, it 
would merely be necessary to multiply its weight by 8080 to ascertain 
its calorific value. 

One pound of hydrogen, dui'ing its conversion into water by combus- 
tion evolves enough heat to I’aise 34,400 lbs. of water from 0“ C. to 
I C., so that the calorific value of hydrogen is 34,400. 

If the fuel consisted of carbon and hydrogen only, its calorific value 
would be calculated by multiplying the weight of the carbon in i lb. 
of the fuel by 8080, and that of the hydrogen by 34,400, when the sum 
of the products would represent the theoretical calorific value. But if 
the fuel contains oxygen already combined with it, the calorific value 
will be diminished, since less oxygen will be required from the air. 
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For example, i.lb. of wood contains 0.5 lb. of carbon, 0.06 of hydrogen, 
and 0.44 of oxygen. Now, oxygen combines with one-eighth of its 
weight of hydrogen to form water, so that the 0.44 lb. of oxygen will 
convert 0.44 -7-8 = 0.055 of the hydrogen into water, without' evolution 
of available heat, leaving only 0.005 available for the production of heat. 
The caloiific value of the wood, therefore, would be represented by the 
sum of 0.005x34400 (=172) and 0.5x8080 ( = 4040), which would 
aniount to 4212 ; or i ll3. of wood should raise 4212 lbs. of water from 
0° 0. to 1° 0. 

These considerations lead to the following general formula for calcula- 
ting the caloo'iflc value of a fuel containing carbon, hydrogen, and oxygen, 
where c, h, and 0, respectively represent the carbon, hydrogen, arid 
oxygen in i lb. of fuel. 

The calorific value (or number of lbs. of water which might be 
heated by the fuel from 0° C. to 1° C.) = 8c8o 

8080 c-F 34000 7i- 43000 0. 

The calorific value of a coal, as determined by experiment in a 
caloi’imeter (page 280), is generally higher than that calculated .by 
the above formula.*' This arises from lack of knowledge as to how 
the elements of the coal are combined together. ■ In the case of 
compounds of carbon and h3’’drogenJ it has been observed that even 
when they have the same composition in 100 parts, they have not 
of necessity the same calorific value, the latter being afiected by the 
difierence in the arrangement of the component atoms of the compound, 
which causes a difierence in the quantity of heat absorbed during its 
decomposition. Thus, olefiant gas (C,H^) and cetylene (OjgHjj) have the 
same percentage composition, and their calculated calorific values ■would 
be identical, but the former is found to produce 11,858 units of heat,' 
and the latter only 11,055. 

It must be rememloered that the calorific value of a fuel represents 
the actual amount of heat which a given weight of it is capable of 
producing, and is quite independent of the manner in which the fuel 
is burnt. Thus, a hundredweight of coal ■will produce precisely- the 
same amount of heat in an ordinary gi’ate as in a wind-furnace, 
though in the former case the fire will scarcely be capable of melt- 
ing copper, and in the latter it "will melt steel. The difference resides 
in the tem-perature or caloinjic intensity of the two fires : in the wind- 
furnace, through which a rapid draught of air is maintained bj^ a 
chimney, a much greater weight of atmospheric oxygen is brought into 
contact with the fuel in a given time, so that, in that time, a gi-eater 
weight of fuel ■\vill be consumed and more heat will be produced : hence 
the fire will have a higher temperature, for the temperature represents, 
not the quantity of heat present in a given mass of matter, but the in- 
tensity or extent to which that heat is accumulated at an}’- particular 
point. In the case of the wind-furnace here cited, a further advantage 
i.s gained from the circumstance that the rapid draught of air allow’S a 
given weight of fuel to be consumed in a smaller space, and, of course, 

» It is claimed that results more in accord with the practical value are obtained from the- 
following formula, where Q,= quantity of heat, C'= carbon left as coke on distilling the 
coal, andC"=carbon contained in the volatile products : Q= 8o8oC'-i-ii2i4C"-(-34462H. 
If much O be present, one-eighth of its weight must be deducted from the H. ' 


c-t- 34400 (h - — jor 
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the smaller the area over which a given quantity of heat is distributed, 
the higher is the temperature within that area (as esempUfied in the use 
of the common burning-glass).. In* some of the practical applications 
of fuel, such as heating steam-boilers and warming buildings, it is the 
ccilonfic vcdue of the fuel which chiefly concerns us; but the case is 
different where metals are to be mielted, or chemical changes to be 
brought about by the application of a very high temperature, for it is 
then the calw'ific intensity, or actual temperature of the,bufning mass, 
which has to be considered. hTo accurate method has yet been; devised 
for determining by direct experiment the calorific intensity of fuel, and 
it is therefore ascertained by calculation from the calorific value. 

Let it be required to calculate the calorific intensity, or actual temperature, of 
.carbon burning in pure oxygen gas. _ ,, c 

Twelve lbs. of carbon combine with 32 lbs. of oxygen, produemg 44 lbs. ot 
C 0 „ ; hence i lb. of carbon combines with 2.67 lbs. of oxygen, producing 3.67 lbs. 
of CO;.- It, has been seen above that i lb. of carbon evolves 8080 units of heat, 
or is capable of raising 8080 lbs. of water from 0° to 1° C., or, on the supposition 
that the water would bear such an elevation of temperature, and that its specific 
heat would remain constant, the i lb. of carbon would raise i lb. of water from 
0° to 8080° 0 .' If the specific heat (or heat required to raise i lb. through i°— 
see page 497) of C 0 „ were ^the same as that of water, 8080° divided by 3.67 would 
represent the temperature to which the ''3.67 lbs, of _CO„ would be raised, and 
therefore.the temperature to which the'solid carbon producing it would be raised 
in the act of combustion. But the specific heat of carbonic acid gas is only 
0.2163,' so that a given amount, of heat would raise i lb. qf CO; to nearly five 
times as high a temperature as that to wliich it would raise i lb. of water.* 

Dividing the 8080 units 'of -heat (available for raising the temperature of the 
CO;) by 0.2163 (the quantity of heat required to raise 1 lb. of CO; through 1°), we 
obtain 37355' for the -number -of degrees through which i lb. of CO; might be 
raised by the combustion of i lb. of carbon. But there are 3.67 lbs. of CO; formed 
in the combustion, -.so that the above number of degrees must be divided" by 3.67 
in order to obtain the actual temperature of the CO; at the instant of its produc- 
tion, that is, the temperature of the" burning mass. The calorific intensity of 
carbon burning in .pure '.oxygen is therefore (37355° C. — 3.67 = ) 10178° C. (or 
18352° F.). But if the carbon be burnfih air, the temperature will be far lower, 
because the nitrogen of the air will absorb a part of the heat, to which it contri- 
butes nothing. The 2.67 lbs. of oxygen required to burn i lb. of carbon would 
be mixed, in air, with 8.93 lbs. of nitrogen, so that the 8080 units of heat would 
be distributed over 3.67 lbs. of carbonic acid gas and 8.93 lbs. of nitrogen. Since 
the specific heat of carbonic acid gas is 0.2163, the product of 3.67 x 0.2163 (or 
0.794) represents the quantity of heat required to raise the 3.67 lbs. of CO, 
from 0° to 1° C. 

The specific heat of nitrogen is 0,2438; hence 8.93x0.2438 (or 2. 177) repre- 
sents the quantity of heat required to raise the 8.93 lbs. of atmospheric nitrogen 
from 0°. to 1° 0. e, 

Adding together these products, _ we find that 0.794 -(-2.177 = 2.971 represents 
the quantity of heat required to raise both the nitrogen and carbonic acid gas 
from 0 to 1° C. 

Dividing the 8oSo_° by 2.971, we obtain 2720° C. (4928° F.) for the number of 
degrees through which these gases would be raised in the combustion— he., for 
the calorific intensity of carbon burning in air. By heating the air before it 
enters the furnace (as in the hot-blast iron furnace), of course the calorific inten- 
sity would be increased ; thus, if the air be introduced into the furnace at a tem- 
perature of 600° F., it might be .stated, without serious error, that the tempera- 
ture producible in the furnace would be 5528° F. (4928° + 600°). The temperature 
might be further increased by diminishing the area of combustion, as by employ- 
ing very compact fuel and increasing the pressure of the blast. 

In calculating the calorific intensity of hydrogen burning in air, from its calo- 

* It is hero assumed that the specific beat of gases is constant as the temperature 
rises : as a fact it increases. The specific heat of steam is calculated to he doubled and 
that ot CO; to he more than doubled, at 1200° C. 
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rific value, it must be remembered that, in the experimental determination of the 
latter number, the steam produced in the combustion was condensed to the liquid 
form, so that its latent heat was added to the number representing the calorific 
value of the hydrogen ; but the latent heat of the steam must be deducted in cal- 
culating the calorific intensity, because the steam goes off from the burning mass 
and carries its latent heat with it. 

One lb. of hydrogen, burning in air, combines with 8 lbs. of oxygen, producing 
9 lbs. of steam, leaving 26.77 lbs. of atmospheric nitrogen, and evolving 34400 
units of heat. 

It has been experimentally determined that the latent heat of steam is 
537, that is, i lb. of water, in becoming steam, absorbs 537 units of 
heat (or as much heat as would raise 537 lbs. of water from 0° to 1° C.), 
without rising in temperature as indicated by the thermometer. The 
9 lbs. of water produced by the combustion of i lb. of hydrogen will absorb, or 
render latent, 537x9=4833 units of heat. Deducting this quantity from the 
34400 units evolved in the combustion of i lb. of hydrogen, there remain 29567 
units of heat available for raising the temperature of the 9 lbs, of steam and 
of 26.77 lbs. of atmospheric nitrogen. The specific heat of steam being 0.480, the 
number (0.480 X 9 = ) 4.32 represents the quantity of heat required to raise the 
9 lbs of steam through 1° C. ; and the specific heat of nitrogen (0.2438) multiplied 
by its weight (26.77 lbs.) gives 6.53 units of heat required to raise the 26.77 Ihs. 
of nitrogen through 1° 0 . By dividing the available heat (29567 units) by the 
joint quantities required to raise the steam and nitrogen through 1° C. (4.32-1- 
6.53 = 10.85), we obtain the number 2725“ C. (4937° F.) for the calorific intensity 
of hydrogen burning in air. 

The method of calculating the calorific intensity of a fuel composed of carbon, 
hydrogen, and oxygen will now be easily followed. 

Let c and A respectively represent the weights of carbon and hydrogen in i lb. 

of fuel, and 0 that of oxygen. Then ^ = weight of hydrogen required to convert 

O 


the oxygen into water, and li - ^ represents the hydrogen which is available for 

o 

the production of heat. 8080 c + 34400 5 ) represents the calorific value in 


centigrade heat-units, = 8080 c -f 34400 A - 4300 0. 

2.67 c = atmospheric oxyen consumed by the carbon ; 8 



or 8 7i - o = 


atmospheric oxygen consumed by the hydrogen available as fuel. 

3.34 (2.67 c-f 8 A-o) = atmospheric nitrogen=8.92 0-1-26.72 A -3. 34 o. 

Multiplying this by the specific heat of nitrogen, 0.2438, we obtain — 

2.17 c -f 6.51 A - o.Si o for the heat required to raise the nitrogen through 1° C. 

0.794 c represents the quantity of heat required to raise the 00 .^ through 1° C., 
and 4.32 A is the heat required to raise the steam through 1°. Accordingly, the 
available heat, 8080 c -t- 34400 h — 4300 o, must be divided by 0.794 c + 4-32 A 
<2.17 c + 6.51 A - 0.81 o), or2.g6c -i- 10.83A-0.81 0 in order to obtain the calorific 
intensity. 

Hence, the calorific intensity, in centigrade degrees, of a fuel composed of 
carbon, hydrogen, and oxygen is represented by the formula — 


8080 c-h 34400 A -4300 o 
2.960+10.83 A-0.81 o 


The calorific intensity of a fuel calculated in this way is only approximately 
correct, since the specific heat of gases at high temperatures is unknown. More- 
over, the fact that gases dissociate at these high temperatures of necessity limits 
the temperatures attainable. 

The actual calorific intensity of the fuel is not so high as it should be 
according to theory, because a part of the carbon and hydrogen is con- 
verted into gas by destructive distillation of the fuel, and this gas is not 
actually biu-nt in the fire, so that its calorific intensity is not added to 
that of the biu-ning solid mass. Again, a portion of the carbon is con- 
verted into carbonic oxide (CO), especially if the supply of air be im- 
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perfect, and mucli less heat is produced than if the carbon were converted 
into carbon dioxide ; although it is true that this carbonic oxide may be 
consumed above the fire by supplying air to it, the heat thus produced 
does not increase the calorific intensity or temperature of the fire itself. 

One lb. of carbon furnishes 2.33 lbs. of carbonic oxide. These 2.33 
lbs, of carbonic oxide evolve, in their combustion, 5599 units of heat. 
But if the I lb. of carbon had been converted at once into carbon dioxide, 
it ^Yould have evolved 8080 units of heat, so that 8080 — 5599? 2481, 

represents the heat evolved during the conversion of i lb. of carbon into 
carbonic oxide, showing that a considerable loss of heat in the Jvre is 
caused by an imperfect supply of air. It has been already pointed out, 
in the section relating to Coal, that the formation of carbonic oxide is 
sometimes encouraged with a view to the production of a flame from non- 
flaming coal, such as anthracite. 

The actual calorific intensity of fuel is diminished by the heat con- 
sumed in bi'inging the portion of fuel yet unconsumed, as well as the 
surrounding parts of the grate, up to the temperature of the fire.^ 

The following table exhibits the average percentage composition of 
the principal varieties of fuel (exclusive of ash), together with their cal- 
culated calorific values and intensities : — 



Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 

Calorific 



Wood (oak) 

50.18 

6.08 

43.74 



— 

4212 

2380° C. 

Peat . 

61.53 

5.64 

32.82 

— 

— 

5654 

2547 

Lignite (Bovey) . 

67.86 

5.75 

23.39 

0.57 

2.41 

6569 

2628 

Bituminous coal . 

79.38 

5.34 

13.01 

1.85 

0.39 

7544 

2694 

Charcoal 

90.44 

2.91 

6.63 

■ 

— 

8003 

2760 

Anthracite . • 

91.86 

3.33 

3.02 

0.84 

0.92 

8337 

2779 

Coke , 

97.34 

0.49 

0-97 

1.20 

S009 

2761 

Petroleum . 

85.00 

13.00 

2.00 

- 

— 

14011* 

— 


In all ordinary fires and furnaces, a large amount of heat is wasted in 
the current of heated products of combustion escaping from the chimney. 
Of course, a portion of this heat is necessary in order to produce the 
di’aught of the chimney. In boiler fm'naces it is found that, for this 
purpose, the temperature of the air escaping from the chimnej'^ must 
not be lower than from soo” to 600° JF. If the fuel could be consumed 
by supplying only so much air as contains the requisite quantity of 
great saving might be effected, but in practice about twice 
the calculated quantity of air must be supplied in order to effect the 
removal of the products of combustion with sufficient rapidity. 

Much economy of fuel results from the use of furnaces constructed 
on the principle of Siemens’ rcgmerative furnace, in which the waste 
heat of the products of combustion is absorbed by a quantity of fire- 
bricks, and employed to heat the air before it enters the furnace, two 
chambers of firebricks doing duty alternately, for absorbing the heat 
from the issuing gas, and for imparting heat to the entering air, the 
■current being revei’sed by a valve as soon as the firebricks are strongly 
heated. This S3''stem is best adapted for the use of gaseous fuel which 

* Calculated for gaseous carbon (see p. 96). 
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can also be heated by the hot firebricks before its combustion, a very 
high temperature being thus attainable. 

filer the production of gaseous fuel advantage is taken of the fact 
that 00 , is reduced to CO by red-hot carbon, 002 + 0 = 200. The 
]n'oclucer in which this change is effected, consists of a deep grate into 
which the fuel is fed from above, the air entering below the charge. 
The bottom portion of the fuel burns to CO,, which is reduced to. CO 
by the hot fuel in the top of the producer; this escapes through a' flue 
to the regenerative furnace. Of course, jyroducer gas is far from pure 
CO ; it must necessarily contain the nitrogen of the air which supplied’ 
the oxygen, and, in addition to this, some 00, and the products of the 
destructive distillation of the coal used, are present. Average producer 
gas -contains per cent, by volume: CO 22.8, N 63.5, CO, 3.6, H,2.2, 
OH^ 7.4, 0 0.5, and has a calorific value of about 28,000 gram-units 
per cubic' foot. 

A gas of moi’e than double this calorific value can be obtained from 
the original fuel by converting it into voatsr gas. This process depends 
on the fact that when steam is passed over heated carbon, a mixture of 
hydrogen and carbon monoxide is obtained, C + H ,0 = CO + H,. Since 
this reaction is endothermic, the temperatm’e of the carbon must be 
maintained if the production of the gas is to continue. In practice 
Avater gas is made by passing steam into a producer which is already at 
AA'ork, until the temperature has so far fallen that the steam is no- 
longer decomposed. The fuel is then again brought up Jo the required 
temperature by a draught of air (producer gas being formed during 
this stage of the process), and steam is again turned .in. . Pure water 
gas will contain 50 per cent, of H and 50 per cent, of CO by volume; 
in practice it contains CO 41, H 48, 00 ^ 6, N 5 per cent, by volume,, 
and its calorific value is 74,000 gram-units per cubic foot. 

It 'will be obvious that by blomng an appropriate mixture of steam 
and am into a producer, a mixture of water gas and producer gas {semi- 
water gas) can be continuously pi’oduced. For other particulars of the 
chemistr}’- of fuel, see Coal. 


* See footnote, p. 95. 
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314. The division of chemistry into inorganic and organic was ori- 
ginally intended to distinguish mineral substances from those derivfed 
from animal and vegetable life ; but since many of the latter may now 
be produced in the laboratory from the elements obtainable from mineral 
sources, it has become usual to define organic chemistry as the chemistry 
of the compounds of carbon, since this element is always present in the 
substances formerly spoken of as organic. 

Organic chemistry differs from inorganic in being chiefly concerned 
with the compounds produced by the arrangment, in different pro- 
portions or in different positions, of the elements carbon, hydrogen, 
oxygen, and nitrogen, though the other elements occasionally enter into 
the composition of organic compounds. 

A useful practical distinction between organic and inorganic substances 
is afforded by their behaviour when heated. An organic substance is 
either converted into vapour when moderately heated, or is decomposed 
into ■ volatile products, generally leaving a residue of charcoal, which 
burns' away when heated in air. 

Upon this is based the ultimate analysis of organic com2)ounds for the 
purpose of ascertaining the relative proportions of their elements.^' 

• The malting a comhistion, as it is technically called, consists in burning the 
organic compound so as to convert its carbon' into CO„ and its hydrogen into 
H„ 0 , from the -sveight of which the proportions of those elements are obtained 
by calculation.' The substance to be' analysed, having been carefully dried and 
weighed (about 0.5 grm.), is placed in a small boat-shaped tray of porcelain or 



Fig. 254. — Apparatus for organic analysis. 


platinum, which is introduced into one end of a glass tube about 30 inches long, 
of which about 24 inches are filled with ‘small fragments of carefully dried cupric 
oxide. The end of the tube where the'boat is placed is connected 'with an appa- 
ratus for transmitting air or oxygen, ■which has been purified from CO„ by passing 
through potash, and from H .^0 by calcium chloride. To the other end of the tube 
is attached, by a perforated cork, a ■weighed tube (B) filled with small fragments 
of calcium chloride to absorb IkO, and to this is joined, by a caoutchouc tube, a 

* For exact details of the methods of organic analysis the reader must consult works 
on analytical chemistry. . . ' 
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hulb-ajjparatus (C) containing strong potash to absorb CO^ and a small guanl-tiibc 
with calcium chloride to prevent loss of water from the potash. Thepofas/t-baZos 
and guard tube are accurately weighed. The comhustion-tube is supported in a 
gas-furnace, and that portion which contains the CuO is heated to redness. The 
end containing the boat is then gradually heated, so that the organic substance is 
slowly vaporised or decomposed. The vapour or the products of decomposition, 
in passing over the red-hot cupric oxide, will acquire the oxygen_ necessary to 
convert the C into CO™ and the H into H,.0, which are absorbed in the potash 
bulbs and calcium-chloride tube. At the end of the process,^ which commonly 
occupies about an hour, a slow stream of pure air or oxygen is passed through, 
whilst the entire tube is red-hot, in order to burn any charcoal which may remain 
in the boat, and to carry forward all the CO^ and H^O into the_ absorption 
apparatus. The weight of the CO„ is given by the increase in weight of the 
potash-bulbs, and that of the H „0 by the increase in weight of the calcium 
chloride. 

In some cases it is preferable to mix the substance with a large quantity of 
powdered cupric oxide, so that the mixture may occupy about twelve inches of 

an eighteen-inch tube with a layer of 
three inches of cupric oxide before 
and behind it. The hinder end of 
the tube is then often drawn out and 
sealed, the point being broken off 
when the combustion is finished, and 
a slow stream of air drawn through by 
gentle suction at the opening of the 
potash-bulbs. In the case of sub- 
stances difficult of combustion, the cu- 
pric oxide is replaced by lead chromate, 
PbGrO^, which evolves oxygen when 
heated. 

When nitrogen is present in the 
substance, it may be partly converted 
into NOo, which would increase the 
weight of the absorption-apparatus. 

Pig. 255. — Estimation of nitrogen. To avoid this, three or four inches of 

the front end of the combustion-tube 
are filled with metallic copper, which, being heated to redness, absorbs the 0 from 
the NOj, leaving N, which passes through the absorption-apparatus and escapes. 
When it is desired to make a determination of the nitrogen, the combustion-tube is 
arranged in the same way, but the absorption-apparatus is replaced by a bent 
tube to permit the collection of the gas in a measured tube filled with strong 
potash. Before commencing the combustion, the air is swept out of the tube by 
a stream of pure CO,, which is continued during the combustion, and is absorbed 
by the potash, the nitrogen being collected and measured. 

Another method of estimating nitrogen in organic substances consists in heat- 
ing them with soda-lime, when the N is evolved as NH3, which is absorbed by 
hydrochloric acid in the absorption bulb shown in fig. 255, and precipitated by 
platinic chloride, the weight of N being calculated from that of the PtC1^.2NH4Cl 
obtained ; or the NH^ is absorbed in a known quantity of acid which is after- 
wards titrated with a standard solution of alkali, and the quantity which has been 
neutralised by the evolved ammonia thus determined. 

KjeldaMs method of estimating nitrogen consists of oxidising the substance 
by heating it with H„SOj and acid potassium sulphate (KHSO^), whereby the N is 
converted into NHj, which forms ammonium sulphate. The NH3 is subsequently 
liberated by boiling with alkali, absorbed by hydrochloric acid and determined 
either with platinic chloride or standard alkali, as described above. 

Sidjdnir and phosphorus are estimated in organic compounds by converting 
them into sulphuric and phosphoric acids, respectively, by the action of powerful 
oxidising agents (nitric acid, chloric acid, bromine, &c.), and deterinining these 
acids by the usual methods. The halogens are determined by oxidising the 
substance by heating it with strong HNO3 under pressure, whereby the halogen 
is converted into its hydrogen compound and may be precipitated by AgNOj and 
weighed as silver halide. 

The proportion of oxygen in an organic substance is generally ascertained by 
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difference, that is, by deducting the sum of the weights of all the other elements 
from the total weight of the substance. 

As an example of the ultimate analysis of an organic compound, that of alcohol 
may be given (volatile liquids are weighed in a small glass bulb with a thin stem, 
the' end of which is sealed for weighing, and broken off when the bulb is intro- 
duced into the combustion-tube) : — 

.5 grm, alcohol, burnt with cupric oxide, as above, gave -9565 grm. CO„ and 
•5S69 grm. ILO. 

Since 44 gr'ms. CO.^ contain 12 grm«. C., of -9565, or .260S, is the weight of 
C found. 

Since 18 grms. ELO contain 2 grms. H, Xs of -5869, or .0652, is the weight of 
H found. 

The sum of the C and H is .2608 + .0652, or .3260. Deducting this from .5 grm. 
alcohol, we have .174 grm. for the weight of 0 contained in it. 

So that .5 grm. alcohol contains — 

.2608 grm. carbon or 52.16 per cent. 

.0652 „ hydrogen „ 13.04 

.1740 „ oxygen „ 34.80 . » . . 

It is usual to express the results of such an analysis in an empirical formula, which 
gives, in the simplest form, the relative number of atoms of the elements present. 

315. To deduce the emjpirical formula from the joercentage composition, the per- 
centage of each element is divided by its atomic weight, and the ratio of the 
resulting quotients expressed in its lowest terms ; thus — 

52.16 divided by 12 gives 4.34 atomic weights of carbon 
13.04 „ I „ 13-04 „ „ hydrogen 

34.S0 „ 16 „ 2.17 „ „ oxygen 

If the ratio 4.34 : 13.04 : 2.17 be expressed in its lowest terms, it becomes 
2 ; 6 ; I, giving for the empirical formida of alcohol, CjHjO. 

The question now arises whether this formula is a true representation of the 
molecule or indivisible particle of alcohol, or whether the molecule should be 
written O^HjjOa or CgHisOj, or in any other form which would preserv’e the ratio 
established beyond dispute by the above analysis. 

316. To deduce the molecular formula of a comjpound from its emjpirical formula 
the molecular weight of the compound must be determined, for it is evident that 
the formula OjHgO represents 2 atoms of C, weighing 12x2, 6 atoms of H, weigh- 
ing 1x6, and I atom of O, weighing 16 ; the sum of these numbers, or 46, would 
be the weight of alcohol represented by C^HjO, whereas the formula 
would express 46 x 2 parts by weight, and G^ilisOj would express 46 x 3 parts "by 
weight of alcohol. 

The methods for determining the molecular weight of a volatile compound 
have been described at p. 270. 

In the _c^e of a substance which cannot be converted into vapour without 
decomposition, the molecular weight is determined by the cryoscopic method 
(p. 295), or is inferred from a consideration of the chemical relations of the sub- 
stance, and its determination is sometimes a difficult matter. The general 
character of the latter method will be seen from the following examples. 

Determination of the molecidar formula of an acid. — The substance yielded, on 
combustion with cupric oxide, in 100 parts — carbon, 40, hydrogen, 6.66, oxy- 
gen 53*33 j which lead to CH„0 as the simplest or empirical formula of the acid. 

The acid was found to give only one class of salts with K and Na, showing that 
it only contains one atom of H replaceable by a metal, or is monobasic (p. 1 58). 

By neutralising the acid with ammonia, and stirring with solution of.sEver 
iiitrate, a crystalline silver salt was obtained, which was purified by recrystal- 
lisation from hot water, dried, weighed in a porcelain crucible of known weight, 
and gradually heated to redness. On again weighing the crucible after cooling, 
it was Tound to contain a quantity of metallic sEver amounting to 64.66 per cent, 
of the weight of the salt. Now, as a general rule, a silver-salt is formed from an 
acid by the displacement of an atom of hydrogen by an atom of silver ; so that 
what remains of a sEver-salt, after deducting the silver, represents the acid 
itself minus a quantity of hydrogen equivalent to the silver. 

From the silver-salt ..... 100.00 

Deduct the silver . . . .64.66 


Acid residue . 


35*34 
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Then 64.66 Ag ; 108 


• CQ 2)i. 

35 o 4 • 59 molecule, 

To the acid residue 59 

Add the hydrogen equivalent to an atom of Ag i 


( Aff in one mole- 1 , 
[cide of the salt) ' 


Molecular weight of the acid . . 60 

The formula CH „0 represents 12 + 2+16=30. Hence the molecular formula is 
C„H40„=6 o ; and the silver salt is CjHjAgO,. 

‘Determination of-the molecular formula of an organic base. — The substance yielded 
on combustion with cupric oxide, in 100 parts, carbon 77.42, hydrogen 7.53. A 
determination of nitrogen gave 15.05 per cent., so that there was no oxj-gen. 
These numbers lead to CgH,N as the simplest or empirical formula of the base. 
By dissolving the base in hydrochloric acid and adding platinic chloride, a yellow 
crystalline precipitate was obtained, resembling the ammonio-platinic chloride 
formed when ammonia is treated in the same way. This precipitate was washed 
with alcohol, dried, weighed in a porcelain crucible, and heated to redness, when 
it left a residue of metallic platinum, which amounted to 32. 72 per cent, of the 
weight of the salt. As a general rule, a platinum-chloride- salt is formed by the 
combination of PtCl^ with two molecules of the hydrochloride of the base ; in the 
case of the ammonio-platinic chloride, the' formula is PtCl4.2(NH3.HCl) ; so that 
what remains of a platinum salt -‘after deducting the platinum represents two 
molecules of the base -f two molecules of HCI + 4 atoms of chlorine. 

From the platinum salt .... 100.00 
Deduct the platinum . . . .32.72 


Remainder 
Then 32.72 Pt : 195- 


67.28 


(Pt in one mole -1 . . „o . „ 

[cule of the salt J * ' 7 - ■ 4-9 

Hence 2 mols. base + 2 mols. HOI +4 atoms Cl = 400.9 
Deduct aHCl+Cl^ = 215.0 


Weight of two molecules of the base . 185.9 
The molecular weight of the base, therefore, is 92.9. The formula CeH.N repre- 
sents 72 + 7 + 14=93. This is therefore the molecular formula. 

The law of even numbers is sometimes a useful guide in fixing molecularformulm. 
Since carbon generally behaves as a tetrad element (see p. 10), the atom-fixing 
jpoipemof any group of carbon atoms must be represented by an even number. ■ Thus, 
a single, carbon atom would be indicating its power of attaching to itself 4 
hydrogen atoms._ A chain of two carbon atoms would be G''',,.if the two atoms 
were singly-linhed or united by one atom-fixing power, belonging to each, because 
the total atom-fixing power of two separate carbon atoms would be 4 + 4, and if 
one atom-fixing power of each is employed in linking them together, the atom- 
fixing power of the chain would be (4- 1) + (4- i) = 6. 

If the two atoms were doubly-linked or united by two atom-fixing powers 
belonging to each, the atom-fixing power of the chain would be (4 - 2) + (4 - 2) = 4, 
expressed by 

Again, if the two atoms were trebly-linlced, the atom-fixing power would be 
t4 - 3) + (4 - 3) = 2, expressed by C",. 

So it is evident that each atom of carbon added to the chain can only increase 
the atom-fixing power of the chain itself by 2, for although the added atom-' of 
carbon has an atom-fixing power of 4, one of these must be used up in attaching 
it to the chain, ahd one of the atom-fixing powers of the chain must be used up in 
attaching the chain to the added carbon atom. 

■ From these considerations it follows that the total number of atoms of monad or 
triad elements united icitli carbon in an organic compound must be an even number, 
because the atom-fixing power of the chain is always a multiple of 2, and 
no odd number of monad or triad elements could satisfy such an atom-fixing 


power.- - 

- - Example . — Ultimate analysis gives CH3O as the empirical formula for glycol, 
but this is evidently an impossible formula, since the atom-fixing powers are 4 
belonging to' the carbon, 3 belonging to the hydrogen, and 2 to Jhe oxygen. The 
molecular formula of glycol is CoHjO,, where the hydrogen atoms are an even 
number, the two carbon atoms being singly linked, C"„, four of the six atom- 
fixing powers being used for the attachment of four of the hydrogen atoms, and 
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the other two for each of the oxygen atoms, the second atom-fixing power of 
each (diad) oxygen atom being nsed for the attachment of each of the remaining 
hydrogen atoms. 

317. The ultimate analysis of an organic compound serves to decide its 
empirical formula — i.e., the formula expressing the ratio between the 
number of atoms of each element in the compound ; a determination of 
the molecular weight decides whether the molecular formula {i.e., the 
formula expressing the actual number of atoms of each element in one 
molecule of the compound) is identical ivith, or a multiple of, the em- 
pirical formula'. Thus, the empirical formula for benzene is CH, but 
its moleular formula is undoubtedly six times this — viz,, CgHg. 

From what was said in the chapter on nitrogen, and again, on p. 187, 
it wiU be apparent that much light may be thrown upon the behaviour 
of compounds by a study .of the way in which the component atoms are 
combined together. In this' manner the existence of radicles in com- 
pounds can be traced, and it becomes possible to assign a constitutional 
or rational formida — i.e., a formula .which indicates the radicles that 
compose it — ^to a compound. Furthermore, it becoines necessary, in the 
case of carbon compounds, to provide some working hypothesis which 
shall account for the fact that many substances exist which have 
different properties, but nevertheless have the same ultimate composition 
and the same molecular formula; such cases are included under- the 
term isomerism, which will shortly receive closer attention. , The 
necessary hypothesis is supplied by supposing the atoms in the compound 
to be linked together by bonds in such a way that this linkage can be 
represented by a graphic or structural fm'mula on one plane, as explained 
on p, 156, - : ' 

It is only by such a study of the structure of carbon compounds, that any 
success has been achieved in the main object of chemistry, namely, the 
synthesis of compounds. The study involves a careful consideration of 
the reactions of the compound, and many examples will be met with 
hereafter ; the following may, however, be now quoted as a typical 
simple case. , ■ , 

318. Example. — Determination of the rational or structural formula of alcohol. 
"When sodium' is placed in alcohol, it is dissolved with the evolution of much 
hydrogen, and the alcohol is converted into a crystalline substance called sodium 
•ethoxide, which has the composition OjK^ONa. Comparing this with the formirla 
of alcohol, it is seen that one atom of H has been replaced by Na. Since the 
compound still contains Hj, it might be supposed that by the use of an excess 
of Na more H might be .replaced,- producing ultimately a compound C„Na„ 0 . 
But this is not the case ; only one of the 6 atoms of H in alcohol can be replaced 
in this way ; hence it is seen that one atom of the six is on a different footing 
from the other five. This would be expressed by writing the formula’ CoHgOH. 

Again, when alcohol is acted on by hydrochloric acid gas, and distilled at a low 
temperature, it yields water and a very volatile liquid known as ethyl bhloride, 
having the composition C„H.C 1 . This decomposition would be expressed by the 
equation, C„H50H + HCl=C„H501-(-H0H, from which 'it ■is evident that the Cl of 
the HClhas been exchanged for OH -in the alcohol, leading to the conclusion that 
alcohol is made up of at least two separate groups, arid that one way of writinsr 
its rational formula is , , . . ° 

319. By investigating the .nature of the. radicles contained in an 
organic substance, this may generally be assigned to one of the following 
divisions ; — • , ° 

(i) H'yDROCARBONS, composed of carbon and hydrogen only, in various 
modes of grouping ; as ethpl hydmide or ethane, C„H.-II. • 
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Hydrocarbons from which hydrogen has been rerhoved give rise to 
hydrocarlon radicles, thus, is the hydrocarbon radicle, ethyl, from 
ethane ; like all other radicles they ai’e incapable of a separate existence 
(p. 148). Since in chemical reactions the hydrocarbon radicles behave 
towards other radicles analogously to the manner in which the metals 
behave towards the non-metals, they are frequently termed positive 
radicles, other radicles such as (OH),(COOH), etc., being termed negative. 

(2) Alcohols, composed of carbon, hydrogen, and oxygen, and con- 
taining one or more hydroxyl (OH) radicles ; as ethyl-alcohol, O^Hj’OH. 

(3) Aldehydes, or dehydrogenated alcohols ; products of the partial 
oxidation of the alcohols, containing the group (OHO) ; as ethyl-aldehyd, 
OH3CHO. 

(4) Acids, the products of the further oxidation of the alcohols, 
containing one or more carhoxyl radicles, CO,H ; as acetic acid, OHj’OO’OH 
or CH3-C0,H. 

{5) Ketohes, formed from the acids by the substitution of a hydro- 
carbon radicle for the OH in the carboxyl ; so that the ketones contain 
the group CO; as acetic ketone or acetone, CHj.OO’CHg. 

(6) Ethers, formed from the alcohols by the substitution of a hydro- 
carbon radicle for the H in the hydroxyl, as ethyl-ether, CjH^'O'OjH^. 

(7) Haloid Compounds, formed from the foregoing groups by the 
substitution of a halogen radicle for hydrogen or hydroxyl ; as chloro- 
form, CHCl^; ethyl cMoride, C^HjCl; acetyl chloride, CHg-CO’Cl. 

(8 ) Ethereal Salts (or esters), formed from the acids by the sub- 
stitution of a hydrocarbon radicle for the hydrogen in the carboxyl radicle ; 
as ethyl acetate, CHj'CO'OCjHj. 

(9) Ammonia-Derivatives, formed upon the model of ammonia, HH3, 
by the substitution of a radicle for hydrogen ; as ethylamine, NHg’OjHj, 
acetamide, NHjj’CjHgO. 

(10) Cyanogen Compounds, containing the group CN; as hydro- 
cyanic acid, H'CN. 

(11) Phenols, resembling the alcohols in composition, by containing 
the hydroxyl group, but resembling the acids in some of their pro- 
perties, and not yielding aldehydes when partially oxidised ; as phenol, 
0 ,HyOH. 

(12) Quinones, formed from hydrocarbons by the substitution of a 
group of two oxygen atoms for two hydrogen atoms; as qitinone, 
05H^(02), from benzene CgHg. 

(13) Organo-mineral Compounds, formed upon the type of the 
chlorides of metals or non-metals by the substitution of hydrocarbon 
radicles for the chlorine ; as zinc ethide, Zn(C2H5)2. 

In cases where sufBcient evidence has not been obtained as to the 
rational formulse of compounds, they are classified according to their 
similarity in properties, or in ultimate composition, or in products of 
decomposition. The following are the most important of such classes : — 

(14) Carbohydrates, or compounds containing six, or some multiple 
of six, atoms of carbon, together with some multiple of the group H^O ; 
as starch, CgHjgOg, glucose, CgH,jOg, sugar, Cj^H^jO^^. 

(15) Glucosides, or compounds which yield glucose as one of their 
products of decomposition ; as salicin, CjglljgO,. 

(16) Albuminoids and Gelatinoids, or compounds containing C, H, 
N, and 0 , often with small quantities of S, and sometimes of P, 
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distinguished by their tendency to putrefy when moist ; albumin, fibrin^ 
and casern are examples of such compounds, but they cannot at present 
be represented by satisfactory formuloe. 

HYDROCARBONS. 

320. There is one characteristic property of carbon to which attention 
has not yet been called, namely, the power which this element possesses 
of combining with itself. It ■will ha've been noticed in the study of 
inorganic chemistry that it is not usual to find so many as six atoms of 
any one element in the molecule of a compound. Among the carbon 
compoimds, however, six atoms of carbon in the molecule is a common 
occurrence, and the molecular formulte which must be assigned to many 
compoimds contain a far greater number than six atoms of carbon. It 
is this property of carbon ■which gives rise to the fact that a much 
larger number of compounds of this element than of any other element 
is known. 

Saturated H^torocarbons. 

Paraffix Series of Hydrocarbons. — The only hydrocarbon which 
contains one atom of carbon is methane or marsh gas, OH^, the more 
important properties of .which have been already considered; 

It has also been seen that ivhen CH^ undergoes metalepsis ■with chlorine, one 
of its H atoms is replaced by Cl, the compound CH3CI being produced (p. 167). 
Now there are several other methods of producing a compound of this formula, 
and, whichever be adopted, the product always has the same properties, showing 
th&t only one compound of the formula CH3CI caiisis. It is contrary to experience, 
acquired in other cases, to suppose that all the methods of producing CH3CI 
would result in the replacement of the same H atom by 01 , and it may be fairly 
inferred that whilst one method would produce OHHHOl, another would produce 
CHHCIH, a third OHCIHH, and a for-Si CCIHHH. But all these compounds- 
are found to be one and the same subiy^nce. It is therefore supposed that all 
the four H atoms in methane have an e. Aal position with regard to the carbon 
atom, so that whichever is replaced tht Aentre of gravity of the molecule ■will 
remain the same. ^ 

It is in order to express, and to attemp llio explain, this equality of position of 
the hydrogen atoms in relation to the carl-bn, that they are often represented on 
paper as symmetrically arranged round the central carbon 
■ atom (fig. 256), so that whichever H is replaced by Cl, the H 

figure has only to be turned round in order to appear the | 

same. On paper, the atoms are, of necessity written on H — 0 — H 

the same plane, but it is not to be supposed that this re- | 

presents their arrangement in the molecule. At present we H 

have no satisfactory knowledge of the shapes of molecules, 
but we^ are obliged to think of them as having three Big. 256. — ^Methane, 
dimensions. The most fruitful hypothesis as to the 
structure of the methane molecule is that the carbon atom occupies the centre of 
a regidar tetrahedron, the hydrogen atoms being attached to the four angles 
thereof. “ 

Inastnucb as metbane has tbe formula CH^, genei'ally written as in 
fig- 256) it must be regarded as a saturated compound, devoid of any 
residual affinity such as that possessed by CO (p. 99). 

In the case of all other hydrocarbons it is assumed that the carbon 
atoms are directly united together, since it does not appear to he possible 
for H to function other than as a monovalent element, so that it cannot 
bo supposed to act as an intermediary, that is, in a manner represented 
by the expression C-H-C. Of those hydrocarbons which have two carbon 
atoms, or a two-carbon nucleus, there are at least three, of which two, 

2 K 
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ethylene, C^H^, and acetylene, CjH^, have received notice (pp. loo and 
102) and v/ill he referred to again. The third is called etJuntie, and has 
the formula O^Hg, which is generally represented as shown in fig. 257, 
but is equally well written H3C * OHj. 

The evidence for this formula is of a similar charac- 
H , H ter to that for the methane formula, only one com- 

I I pound OjHjCl being obtainable. If two regular tetra- 

H — C — 0 — H hedra be placed with one solid angle of each in contact, 

I I a two-carbon nucleus will be represented in which 

H H each carbon is at the centre of a tetrahedron, the 

six H atoms being at the remaining three angles of 
Fig. 257. — Ethane. each tetrahedron (see fig. 265). 

Ethane is also a saturated hydrocarbon, for all the bonds of the 
two carbon atoms are satisfied. Passing to those hydrocarbons which 
contain three carbon atoms, or a three-carbon nucleus, that which is 
saturated, and therefore contains the highest number of hydrogen 
atoms, is Cgllg, called propane, and represented as in fig. 258, or more 
simply as OHg'OHj'OHg. 

The evidence for this formula is derived from the 
H H H methods by which propane is prepared, and will be 

I I I appreciated when these are described. The reasoning 

H — 0 — C — C — H applied to methane will not serve in this case, for two 

I I I compounds of the formula C^HjOl are known, as will be 

H H H explained later. 

Fig. 258.— Propane. comparison of these three hydrocarbons will 

show that ethane may be regarded as derived 
from methane, and propane from ethane, by substituting CH3 for H. 
By continuing this process a whole series of hydrocarbons is obtained, 
each of which is saturated and differs from the one preceding it by CH,. 
Thus bittane, the next member of . .he series, is CHg- OH^' CH^’ CHg, 
pentane is OHa* OHg’ CHj’ CHg* OH'^^and so on. Any series of carbon 
compounds, each member of which/ .iffers from the one preceding it by 
CHg, is called an homologous seHes‘'°ind the compounds are homologv.es 
of each other. 

It will be seen that in the homologous series under consideration, the 
number of hydrogen atoms must always exceed twice the number of 
carbon atoms by 2, and that a general formula for the series may there- 
fore be written 0,^2„+2- Sidte each terminal carbon atom has three 
hydrogen atoms attached to it, the general formula may be extended to 
H3O • OHs. As already stated, hydrocarbons which conform to 

this general formula are termed saturated because they cannot have any 
free affinities by which other elements can attach themselves to the 
molecule. It must be understood that this title does not represent a 
mere theoretical speculation, but is the expression of actual experience, 
since it is found to be impossible to produce a new compound from any 
of these hydrocarbons save by substitution ; for example, no compound 
containing chlorine can be obtained from methane except by exchanging 
one or more atoms of Cl for one or more atoms of H. On accmmt of 
this inactivity the series has been called the paraffin series of hydro- 
carbons, the name paraffin {parum, little, affinis, affinity) having been 
originally bestowed upon the wax-like substance obtained in the ^tilla- 
tion of coal and peat, because of its resistance to chemical agents ; this 
solid was subsequently shown to consist mainly of saturated hydrocarbons. 
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• The paraffin hydrocarbons may be regarded as the hydrides of posi- 
tive radicles of the general formula C«H2„+i, the formula for the 
hydrocarbons being These radicles have been termed alkyl 

radicles; they are obviously monovalent. They are designated similarly 
to the hydrocarbons which constitute their hydrides, the suffix -yl being 
substituted for -ane. 

The natural source of the paraffin hydrocarbons is the oil known as 
petroleum, mineral naphtha, or rock-oil. This is found in nearly all 
■countries, but especially at Baku, on the Caspian Sea, and in Canada 
and Pennsylvania, and occurs in almost all geological formations. It is 
to be noted, however, that the Russian petroleum consists largely of 
hydrocarbons (naphthenes) belonging to the aromatic series (g'.'W.), whilst 
that of Pennsylvania consists almost entirely of a mixture of paraffin 
hydrocarbons. 

The Pennsylvanian oil-wells discharge large volumes of gas containing 
H, CH^, and CjIIg {ethane), which are used for heating and lighting in 
the neighbouring district. The liquid pumped out of the wells still 
retains a quantity of ethane in solution. It consists chiefly of members 
of the paraffin series, of which a list is here given — 


Methane 

CH< 

Gas 

Ethane 


JJ 

Fropane 

C3HS 

J) 

Butane 


Boils at 

Pentane 

C5H,, 

36“ 0. 

Hexane 

O3H,, 

69° 


BoilB at 


Heptane 


98“ 

Octane 


125 ° 

Nonane 


149° 

Decane 

C.0H00 

173° 

Dodecane 

C.oHj. 

214° 

Hexadecane CjbHjj 

287“ 


The liquid constituents of the petroleum are separated by the process 
of fractional distillation, which depends upon the difierence in their 
boiling points. 


When the petroleum is heated, the hydrocarbons, ethane, propane, and butane, 
are evolved in the gaseous state ; these are collected and subjected to the action 
■of a condensing pump, which liquefies a portion of them, yielding the liquid sold 
as cymogene (sp. gr. 0.59), which is used in freezing-machines, on account of the 
cold produced by its rapid evaporation. It consists chiefly of butane, 

The portion which first distils over requires special condensation, for it boils at 
18° C. ; it contains a considerable proportion of pentane, and is sold as rhigolene 
(sp. gr. 0.62), being used as an ansesthetic, and for a standard of light. The 
portion which distils over about 60° C. consists mainly of hexane, and is sold as 
petroleum spirit, petroleum ether, or gasolene (sp. gr. 0.66) ; it is used for dissolving 
india-rubber. _ The next fraction is chiefly heptane, and is collected until the 
temperature rises^ to 110° C. ; its sp. gr. is 0.7, and it is used, in some kinds of 
lamps, as a burning oil, and as a solvent, under the names naphtha, ligroin, and 
lenzoline. The next fraction is collected below 150° C., and is known as lenzine 
(sp. gr. 0.74)) 3 - solvent which must not be confounded with benzene, the coal-tar 
product. The Icerosene oil, so much in use for paraffin lamps, is the portion which 
distils between 159° and 300° C., and is generally refined by agitation with about 
2% of sulphuric acid (which removes the oleflnes contained in the oil) before being 
sent into the market. It is unsafe to use oils of low boiling-point as illuminants 
in ordinary lamps, because they so easily evolve vapour, which forms an explosive 
mixture with air, and bursts the lamp. 

The temperature at which the hydrocarbon evolves enough vapour to form an 
inflammable mixture with the air above it is termed its flashing-point No paraffin 
oil is considered safe for burning, in England, which kindles from a flame 
brought near its_ surface when it is heated to 38° C. (100° F.) in an open vessel; a 
teacup placed in a basin of hot water in which a thermometer is plunged 
answers for a rough _ test. In a closed vessel, where the vapour more rapidly 
accumulates in sufficient quantity, the flashing-point is much lower, and no oil is 
considered safe which kindles at or below 23° C. (73° F.) in a covered vessel when 
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a flame is brought near its surface ; a small beaker covered with a piece of tin 
plate having a small" hole for introducing a match, may be placed in warm water 
for the close test. 

The distillation of the petroleum is finally pushed until a, tarry residue is left 
in the retort. The distillate above 300° C. consists of heavy (sp. gr. eg) lubricat- 
ing oils containing paraffin-wax, which melts at about 55° 0., and may, therefore, 
be separated from the oils by freezing ; this wax contains the highest known homo- 
logues of the parafiin series. The softer varieties of paraffin are known as vaseline. 

Ozokerite is imported from Galicia, Hungary, and Eussia, for the manufacture 
of candles. It consists of solid hydrocarbons which appear to contain a smaller 
proportion of hydrogen than do the paraffin hydrocarbons ; its melting-point varies 
from 60° 0 . to 100° C. 

Paraffin oils, both illuminating and lubricating, and paraffin-wax are also ob- 
tained by distilling certain minerals allied to coal, such as the Torbane HUl 
mineral, or Boghead cannel, found at Bathgate, in Scotland. Such shale oils contain 
more olefines than do the American oils. 

All the oils above mentioned are colourless when quite pure, although the com- 
mercial products are frequently yellow or brown. 

321. On the small scale, the process of fractional distillation for the separation 
of liquids of different boiling-points is conducted in a flask (A, fig. 259) provided 



Fig. 259. — Fractional distillation. 

with a long neck through which a thermometer (T) passes to indicate the tem-‘ 
perature at which the liquid boils. The first portion which distils over will, of 
course, consist chiefly of that liquid which has the lowest boiling-point, particu- 
larly if the neck of the flask consist of a series of bulbs and thus expose a large 
surface to be cooled by the air; if the receiver (E) be changed at stated 
intervals corresponding with a certain rise in the temperature, a series of liquids 
will be obtained, containing substances the boiling-points of which lie within the 
limits of temperature between which the liquids were collected. 

When these liquids are again dirtilled separately in the same way, a great part 
of each is generally found to distil over within a few degrees on either side of 
some particular temperature, which is the boiling-point of the substance of which 
that liquid chiefly consists; and if the receivers be again changed at stated 
intervals, a second series of distillates will be obtained, the boiling-points of 
which are comprised within a narrower range of temperature. It will be evident 
that, by repeated distillations, the original mixture will eventually be resolved 
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into a number of liquids, each distilling over entirely at about one particular 
temperature which is the boiling-point of its chief constituent. 

322. Methane or methyl hydride, CH^. The following must he added 
to the description of methane which has already been given (p. 104). 

To prepare the pure gas, methyl iodide is dropped slowly into a 
flask containing a. copper-zinc couple covered with dilute alcohol 3 
CH3l-l-HOH-{-Zn = OB;3H-hZnI.OH. It is also formed when zinc 
methide is decomposed by water, Zn(CH3)2 4- 2HOII = Zn(OH)2'i- zCH^, 
and by the action of sodium amalgam and water (to supply H) on 
carbon tetrachloride, COl^ -F Hg = CH^ -1- 4IICI, and by passing a 
mixture of CS, vapour and H,S (or steam) over red-hot copper, 
OS2-t-2H2S-bCug = 4Cu2S-fCH,. 'The last two methods are of great 
importance, since they amount to the prepai’ation of the gas from its 
elements, and, therefore, to the synthesis of the paraflBn hydrocarbons 
generally, for the majority of these can be built up from marsh-gas 
by the aid of a few elements which act as intermediaries. 

Methane is nearly inodorous; its sp. gr. is 0.56 (air=i); it burns 
with a feebly luminous flame ; water dissolves about 5 per cent., and 
alcohol 50 per cent, of the gas. It boils at — 160° C., but is liquid at 
— 11° C., under 180 atmospheres pressure; the sp. gr. of the liquid is 
0.415 at - 164° C. 

When methane is mixed with chlorine and exposed to sunlight, a 
violent reaction occurs, and often an explosion, HCl being formed, and 
C separated ; but when the 01 is diluted with COg and allowed to' act 
gradually, chloHne-suhstitution products are obtained, 

CH4 + CL, = HCl + CH3CI monochloromethane, 

CH4 + 2Cli = 2HCI + CH.,CL, dicMoromethane. 

CH^ + 3CL == 3HCI -f CHCI 3 ' chloroform. 

CH4 + 4CI3 = 4HCI -f- CCI4 tetrackloromethane. 

The chlorine in these compounds is not precipitated by silver nitrate, 
like the 01 in HOI and the chlorides of the metals. 

Ethane or ethyl hydride, O^Hg, is prepared from ethyl iodide, OgH^I, 
just as methane is prepared from methyl iodide. It is also formed 
when methyl iodide is heated with zinc in a sealed tube, 2011 ^ 1 + Zn = 
Znl„ 0H3" OH3 ; hence, ethane is termed dimethyl. 

Etbane is evolved from the anode when a solution of potassium acetate, 
(^jCOOK, is electrolysed ; this salt dissociates into the ions CH3COO and K, 
the former of which breaks up into C..Hg and CO.., whilst the latter reacts with 
tue \rater to form KOH and H, which is evolved at the cathode ; the KOH 
absorbs the C 0 „, so that the ultimate result may be approximately represented 

by the equation 2CH3C00K-t-2H„0=C2Hj-l-2KHC03 + H2. 

Ethane resembles methane in properties, but is more easily liquefied 
(46 atm.) ; it is about twice as soluble in alcohol as methane is. 

Propane or propyl hyd/ride, CjHg, is prepared by the action of nascent 
hydrogen pn propyl iodide, C3H,I -i- H, = C3H3 + HI. It is also formed 
when a mixture of ethyl iodide and methyl iodide is heated with zinc, 
p^3’^^2*I'^^H3l-}-Zn = 0H3'CH2‘CH3-}-ZnI„, the reaction being of 
importance as 'confirming the constitution of propane (fig. 258), for it 
shows that the hydrocarbon is formed by the combination of methyl 
with ethyl. Propane is a colourless gas which boils at — 17° C. 

It will have been noticed that precisely similar methods serve for 
the preparation of methane, ethane, and propane. This is illustrative 
of the fact that the members of an homologous series of carbon com- 
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pounds can generally be prepared from the members of another homo- 
logous series by the same reaction ; thus the series of alkyl iodides 
(OHsI, O2H5I, OgHjI, &c.) -will yield the corresponding series of alkyl 
hydrides (hydrocarljons) by metalepsis Avith (nascent) hydrogen, For 
each series of carbon compounds, therefore, there is a number of general 
methods of formation. 


In the case of the paraffin hydrocarbons the following general methods of forma- 
tion may be distinguished: in the equations, E = any alkyl radicle, (i) The 
action of nascent hydrogen on alkyl halides; ECl-i-H2=EH-i-HCl. (2) The 
action of sodium on the alkyliodides ; 2EI + Naj=E‘E-)- 25 faI, or EI-{-E'I+Na2= 
E'E' + 2NaI. (3) Heating the alkali salt of an acid of the acetic series with 
an alkali (see p. 105) ; E'COONa4-NaOH = EH + NaO-COONa. (4) The inter- 
action of the alkyl iodides with the zinc alkyl compounds ; 2EI+ZnE2=2(E’Ey+ 
Znlj. 

Butane, is made by treating ethyl iodide with zinc (not in 

excess) in a sealed tube at 150° 0 . ; -h Zn = Znl, -f It is 

much more easily condensed to a liquid than is either of the preceding 
hydrocarbons, and is much more soluble in alcohol. Liquid butane 
bods at 0° C., and is the lightest known liquid (sp. gr. 0.6). Since 
butane is prepared from ethyl iodide, it may be regarded as diethyl in 
the same sense that ethane is dimethyl, and it is justifiable to Araite its 
formula, CHg’OHj'CIIg'CIIg, or as in fig. 260. 


H H H H 

I I I I 

H— C— C— C— C— H 

I I. I I 

H H H H 
Fig. 260. — Normal butane. 


H H H 

I I I 

H— 0 — C— C— H 

I I I 
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l/f\H 
H 


H/ 


Fig. 261. — Secondary 
butane. 


For ethyl iodide is the iodine substitution product of ethane, 
OHg'CHg, and its formula is OHg’OHgl. When the diad zinc acts 
upon this, it must take the I^, Avhich it requires to form zinc iodide, 
from two molecules of ethyl iodide, leaAung the residues to combine 
and produce butane, thus : 

CHg-CHoI + Zn + ICHj'CHj = Znl„ + CHg-CHa-CHgCHg. 

There is a second hydrocarbon of the formula ; it is prepared 

by the action of nascent hydrogen on a compound called tertiary butyl 
iodide {q.v.), It might be mistaken for butane but for the fact 

that it will not liquefy until cooled to —17° 0 . This second butane 
has been called secondary butane or isobutane equal), the first 

butane being termed normal butane, from norma, a ride, because it is 
the product of the usual general methods of formation of the paraflins, 
and possesses the physical properties Avhich the hydrocarbon, 
should possess from its position in the homologous series of paraffins 
{e.g., a boiling-point about 30” loAver than the next higher member in 
the series). In order to explain the existence of this secondary butane 
it is supposed that the four carbon-atoms are arranged in space differ- 
ently from the manner in Avhich they are arranged in the case of 
normal butane. A httle considei-ation AviU show that the only possible 
second method of arrangement of the carbon atoms is that shoAvm in 
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fig. 261, in which the fourth C atom is attached to the central 0 atom 
of the propane formula. The same arrangement may be expressed by 
the formula C(CH3)H-CH3 or (0113)3; OH- CH3, and may be 

described as consisting of methane in wbich three atoms of H have 
been replaced by methyl, or trimethylmetliane. Tertiary butyl. iodide 
has the formula CH3-C(CH3)I-GH;3, and the action of nascent hydro- 
gen in converting it into trimethylmethane, or secondary butane, is 
apparent. 

'Pentane, Three hydrocarbons of this formula exist; that 

which is made by the general methods, and, therefore, has a right to 
the title normal penixone, is a colourless liquid, boiling at 36 0. 

Secondary pentane, or isopentane, boils at 30° 0 ., and tertiary pentane 
or teiramethyl/methane, at 9.5° C. To account for the existence of these 
three hydrocarbons, it is necessary to suppose that the fi.ve carbon- 
atoms are arranged in three different ways ; this will be found to be 
possible, the results being indicated in figs. 262-264, or by the formulm 
CH3-CH3-CH3-CH„-0H3, 0H3-0H„;C(CH3)H-CH3, and C(CH3),. 


H., H, H„ 

H3C-(J-C— C-CH3 

Pig. 262. — ^Normal 
pentane. 


H„ H 

H,C— C— C— CH, 

I 

CH„ 


Pig. 263. — Iso-pentane. 




CH. 

OH3 


Pig. 264. — Tertiary- 
pentane.* 


If it were possible to arrange the 5 carbon atoms in a way essenti- 
ally different from any of these three, a fourth pentane might be 
expected to emst. It will be evident that the greater the number of 
carbon atoms in the hydrocarbon, the greater the variety of arrange- 
ment and therefore the greater the number of possible isomerides. 
Thus, there may be discovered 802 compounds having the formula 

\ ^ 13 ^ 28 * 

Isomendes are those compounds which have the same percentage 
composition and the same molecular weight, but diflferent properties. 
Cases of isomerism are very numerous among the carbon compounds ; 
attempts have been made to explain all of them by reference to the 
arrangement of the atoms of the compounds in space, although in 
some cases special difficulty is experienced ; these ■will be referred to in 
due course. 

Polymerides have the same percentage composition, but different 
molecular weights ; e.g., O3H3 and CgH^ ; CH3O and C3H13O3. 

Since the valency of carbon is always four, there can only be three 
rnodes in which the carbon atoms can be linked to each other, giving 
rise to three main classes of isomerides, which are illustrated by the 
three classes of parafifin hydrocarbons. Normal paraffins are those 
in which all the carbon atoms are united in a single chain without 
branches, so that the formula begins and ends with OII3, every other 
link being OH, (fig. 262). Secondary paraffins or iso-paraffins, have at 
least one branch, that is, at least one carbon atom is united with three 
other carbon atoms, as in fig. 263. Tertiary paraffins or neo-paraffins, 
have at least one carbon atom united to four others as in fig. 264. 


* That this is really the constitution o£ neo-pentane is sho-wn by the steps foi 
obtainmg jt synthetically; acetone, F3CfCO)CH3. treated -adth POL, yields HsCfUOlslCH-,, 
and this, acted on by zinc methyl, gives H3C[CQOH3)2lOH3 or neo-pentane 
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The remaining hydrocarbons of the paraffin series do not need 
detailed consideration here. Those from hexane to peniadecane 
(OM are colourless liquids the boiling-points of which increase, in 
the normal series, by about 30° 0 . for each increment of OH,. Those 
in the normal series, from hexadecane to pentatnacontane 

(OggHyg), tho Hghest known member, are colourless solids of which the 
melting point increases by 3-4° C. for each increment of OH,, that of 
hexadecane being 19° 0. 


IJnsaturatbd Hydbocaebons. 


323. All hydrocarbons which do not correspond with the general 
formula O^Hg^+j are found to be capable of combining directly with 
the halogens without exchanging hydrogen for them. Such are, there- 
fore, termed unsaturated hydrocarbons. No hydrocarbon has yet been 
discovered which contains an uneven number of hydrogen atoms, nor 
has any unsaturated hydrocarbon containing only one atom of carbon 
ever been isolated. To account for these facts it is supposed that 
all unsaturated hydrocarbons contain two or more carbon atoms 
which are united to each other by two or three atom-fixing powers, 

thus = C<C§i and H - C = 0 - H. 


It may be said that, in a hydrocarbon, an unsaturated cardan atom cannot exist; 
if there be not a sufficiency of other elements to saturate the carbon atom, it will 
combine by all its available atom-fixing powers with another carbon atom. The 
fact that no such hydrocarbon as HgO - CH„ is known, is in support of this 

statement. Of these two carbon atoms the unsaturated one will take up an atom- 
fixing power of the saturated carbon atom, at the expense of one of the hydrogen 
atoms united to this latter, forming H„0 = CH„, in which neither carbon atom can be 
said to be unsaturated, although the compound as a whole is unsaturated. Treatment 
of this compound with chlorine will open up the double linking, yielding H„C - CH„. 


If the compound were represented by the formula H„0 — CHj, there would be no 

apparent reason why, when the compound is mixed with the proper proportion 
of chlorine, one carbon atom alone should not combine with Cl yielding H„G - CH., 

■| Cl ■ 

a result which, however, has never been obtained. A third method of represent- 
ing this hydrocarbon may be conceived, viz. ; HgC - CH, but the objection to this 

formula is that it represents an unsaturated carbon atom, which, as stated above, 
never seems to occur in a hydrocarbon ; moreover, if this formula were correct 
the addition of chlorine to the hydrocarbon might be expected to produce 
Cl 

H,C - Oh, whereas there is evidence to show that the two chlorine atoms in the 

Cl 

compound resulting from the addition of chlorine to C„H, are attached to different 
carbon atoms. 

A similar line of reasoning will serve for supporting the formula HC = CH for 
the hydrocarbon CjH,. 

If two regular tetra’hedra be placed with one edge of each coincident, there will 
be two solid angles of each tetrahedron left unattached. Such an arrangement 
may be supposed to represent the structure of the hydrocarbon CnH^ in space ; 
each carbon atom would occupy the centre of a tetrahedron, and each hydrogen 
atom would be attached to a free solid angle. By placing the two tetrahedra' 
with one face of each coincident, the structure of the hydrocarbon CoH, may be 
represented. 

The following figures will represent hydrocarbons containing singly-linked, 
doubly-linked, and trebly-linked carbon atoms respectively. 
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Fig. 265. 

Olefine Series of Hybrocarbons. — The Olejhie hydrocarho'iis are 
unsaturated hydrocarbons containing a pair of doubly-linked carbon , 
atoms; they correspond in composition with the general formula 
The first three members of the homologous series are ethylene^ 
H,C": CH, ; 'propylene, H^C : OH-CHj ; and butylene, H ,0 ; CH-OH/GHj. 
It will be seen that the nomenclature adopted differs from that for the 
paraffins by the substitution of the suffix -yhne for -ane. 

The olefines are found in petroleum-oil and in the products of the 
destructive distillation of coal, wood, &c. The first three members 
of the series are gaseous under ordinai'y conditions ; the majority of 
the remainder are colourless liquids, but the highest members are 
solid. A gradation of boiling points and melting points is observed, 
similar to that existing in the paraffin series. The properties of ethy- 
lene may be considered as typical of those of the other members of this 
group of hydrocarbons. 

Olefiant gas, ethylene, or ethene, O^H^, is obtained by the action 
of powerful dehydrating agents on alcohol ; CjHj’ OH = OoH^ + HOH. 
It may be prepared by heating alcohol with twice its volume of strong 
sulphuric acid; secondary changes cause a carbonisation of the mix- 
ture, and the ethene is accompanied by some ether vapour, and by 
carbonic and sulphurous acid gases ; the ether may be removed by 
passing it through strong sulphuric acid, and the acid gases by potash 
or soda. 

It is also obtained by heating an ethyl halide with a caustic alkali in 
alcohol, e.g., O^H^Br + KOH = O^H^ + KBr + HOH. 

Properties of ethylene. — It' has a faint ethereal odour, sp. gr. 0.97, 
and boUs at — 103° 0 . Slightly soluble in water ; more soluble in 
alcohol. Burns with a bright luminous flame, which renders it very 
useful as an illuminating constituent of coal-gas. • When mixed with 
chlorine, ethylene combines with it to form a fragrant liquid known as 
ethylene chloride or Dutch liquid, C1H,C*0H2C1. Bromine forms a simi- 
lar compound with it. Sulphuric acid slowly absorbs ethylene, forming 
CjHjHSO^, sidphethylic or sulphovinic acid or ethyl hydrogen sulphate, 
from which alcohol may obtained by distillation with much water ; 

C,H,^HSO, + HOH = C„H,OH + ILSO^. 

Sulphuric anhydride absorbs ethene much more easily, and a strong 
solution of SO3 in H,SO^ (fuming sulphuric acid) is employed for 
absorbing it in the analysis of coal-gas. The compound formed by SO 
with ethylene is crystaUine, and is termed carbyl sulphate or ethionic 
anhydride, C,Hj(S03).. contact Avith water, this forms ethionic acid. 
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0Ho( 0S03H)’CH2(S03H), and when this is boiled with water it yields 
isethionic acid, + HjO = H^SO^ + 0Il2(0H)'CH,(S03lI). It 

will be noticed that isethionic acid has the same composition as ethyl 
hydrogen sulphate, but it is a more stable compound. 

In presence of platinum-black, ethylene combines with hydrogen to 
form ethane, C„Hg. With HBr and HI it combines to form ethyl 
bromide, OgHgBr, and iodide, CoHjI, respectively. 

Oxidising agents, such as nitric and chromic acids, convert ethene 
into oxidised bodies containing two carbon atoms, such as oxalic acid, 
CgHjO^, aldehyde, O^H^O, and acetic acid, C^H^Oj. 

From the above description of the properties of ethene, it will be 
seen that it differs greatly from methane and the other parades, in the ' 
readiness with which it combines with other bodies, especially with 
chlorine, bromine, and sulphuric an'hydride, forming addition products 
instead of substitution products. 

Experiments which may be performed with the gas will be found at 
p. 103. 

Frc^ylene, CgHs or CH,' CH : CHj, occurs in small quantity in coal-gas, being 
one of the illuminants. It may be obtained by heating glycerine with zinc-dust ; 
C3Hj(OH)3-i-Zn3=03Hg-}-H2+3ZnO. Its properties resemble those of ethylene, 
but it is, of course, half as heavy again. It is more easily absorbed by strong 
sulphuric acid. Only one propylene is known. 

■Butylene, or CHj'CHg’CH.'CHj, occurs largely in the iUuminating gas made 
by distilling the vegetable and animal oils. It is also found in the odorous hydro- 
carbons which are evolved when cast iron is dissolved in hydrochloric or dilute 
sulphuric acid. It boils at - 5'" C. 

Consideration of the formula for butylene will show that three isomerides of this 
hydrocarbon can exist, viz., a- or normal butylene, OHj' CH„‘ CH : CH, ; / 3 - or iso- 
butylene, CH3 • CH ; CH • CH3 ; and y -butylene, (CH3)2C : CH„. The butylene described 
above is the normal hydrocarbon. 

Amylene ov pentylene, C^Hjo or OHg’CHj'CHj’CHrCHj, can exist in five isomeric 
forms. They occur in petroleum and paraffin oil. The normal amylene, which 
has the formula given above, boils at 40° C. 

General methods for j)reparing the olefine hydrocarbons are : (i) By the dehydra- 
tion of the alcohols of the paraffin series {q.v.'), by means of strong sulphuric 
acid or zinc chloride, e.g., CHj'CHj-CHjOH^CHj’CHiCHo-fHOH. (2} By heat- 
ing the alkyl halides with an alcoholic solution of an alkali, e. <7., CHj’CHo’CH^r-)- 
NaOH= CHg- CH : CH3 NaBr -f HOH. 

The first of these general methods frequently produces a mixture of the olefine 
and its polymerides (p. 519), for the olefines show a tendency to polymerise 
under the infiuence of acids and dehydrating agents ; thus, when the method is 
used for making amylene, CjHm, the compounds CjoHj^ and CigHj, are also produced. 

The moderate oxidation of the olefines, in presence of water, results in the 
formation of compounds in which the opened up bonds are attached to hydroxyl 
groups ; thus, CHg'CH :CH„ yields CHs'CHOH-CHgOH. 

324. Acetylene Semes op Hydeocarbons. — The acetylene hydro- 
carbons are unsaturated hydrocarbons containing a pair of trebly-Knked 
carbon atoms : they correspond in composition with the general formula 
C„H;„_2. The first two members of the series, acetylene, HO *• OH, 
and allylene, HgC’C : CH, are gaseous under ordinary conditions, whilst 
most of the others are colourless liquids. 

It will be seen that the hydrocarbon, C3H4, is capable of being represented by 
the two formulEe, CH^'C^CH, and CILrCiCH,, so that two modifications of 
this compound may be expected ; these have been prepared, the former being 
called allylene and the latter allene. For every true acetylene (a hydrocarbon 
containing a pair of trebly-linked carbon atoms) there may also be a hydrocarbon 
containing two pairs of doubly-linked carbon atoms. These diolefines differ con- 
siderably in properties from the acetylenes ; they are unimportant, and cannot 
be further considered here. 
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, Acetylene or ethine, G^EL^, is the only hydrocarbon -which can be 
formed by the direct union of its elements. It is produced when 
carbon is very strongly heated in hydrogen, by passing a powerful 
electric current, such as is used for electric lighting, between two carbon 
terminals surrounded by a globe filled with hydrogen. 

This act of combination is remarkable for being attended by absorp- 
tion instead of evolution of heat, to the amount of 61,100 gram-units 
from 24 grams of carbon ; so that the sudden decomposition of acetylene 
should evolve enough heat to raise the temperature to 3000° C., which 
would so expand the liberated hydrogen as to cause an exiplosion. 
Accordingly, it is found that the intense molecular vibration produced 
by detonating a minute quantity (a' decigramme) of mercuric fulminate 
in 25 cubic centimetres of acetylene, causes the latter to detonate -vio- 
lently, yielding hydrogen and finely divided carbon. 

Acetylene is a constant product of the destructive distillation and 
imperfect combustion of bodies rich in carbon and hydrogen. 

Pure acetylene may be prepared by heating ethylene bromide with 
caustic potash dissolved in alcohol ; 

+ 2KOH = + 2KBr + aH^O. 

Properties of acetylene . — A gas of peculiar odour, and sp. gr. 0.91. It 
becomes liquid at i ° C. under a pressure of 48 atmospheres. Water at 
18° 0. dissolves its own volume of the gas, hence it may be collected 
over water, but -with some loss. It burns -with a brighter fiame than 
olefiant gas, but emits smoke. In the presence of platinum-black it 
combines with hydrogen to form ethene, OjH^. Strong sulphuric acid 
absorbs acetylene slowly as it does ethene ; but when the solution is 
mixed with water and distilled, it yields, not alcohol as with ethene, but 
croton-aldehyd, CjHj' CHO ; 2 + H^O = O^HgO. Chromic acid oxidises 

acetylene to acetic acid ; OjHj + H^O -H O == CgH^Og. Alkaline potassium 
permanganate converts it into oxalic acid, CJI, + 0^ = C„H20^. 

The most remarkable feature of acetylene is the facility -with which 
its hydrogen is displaced by metals. By heating sodium in acetylene, 
OjHNa, mono-sodium acetylide and Ojbra,, disodium acetylide may be 
obtained. Oupi'ous acetylide, CgCuj'HjO”, is formed when acetylene 
acts upon a cuprous compound in the presence of ammonia ; thus, if 
acetylene be passed into an ammoniacal solution of cuprous chloride, 
CmCL + 2NH3 + OjHj = aCu„ + aNH^Ol. 

The cuprous acetylide forms a bright-red precipitate, the production of 
which forms a characteristic test for acetylene. As might be expected 
from the behaviour of acetylene itself, the copper compound is exploded 
by heat or by percussion, and its formation has caused accidents in 
copper or brass pipes through which coal-gas containing ammonia has 
been passed. 

Silver acetylide, 0 ,Agj.II, 0 , is produced as a white precipitate when 
acetylene is passed into silver nitrate, or when a little ether is poured 
upon solution of silver nitrate in a test-tube, at the mouth of which the 
ethei’ is then kindled, when its imperfect combustion inside the tube 
produces acetylene. Silver acetylide is more explosive than the copper 
compound. 

Acetylene inflames at once on contact with chlorine in daylight, 
yielding HCl and finely divided carbon j but if acetylene be passed into 
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antimonic chloride, kept cool, crystals of SbCl^ are formed, 

which, on heating, yield the acetylene dichlwide, CjH^C],, as a liquid 
smelling like chlorofoiun, and boiling at 55° C. O^HjCl^, acetylene tetror- 
chloride and OgHOl, monochloracetylene, have also been obtained. 

"When heated in a sealed tube, acetylene is partially converted into a 
mixture of two liquids, benzene, C^Hg and siyrolene, OgHg. By passing 
electric spai’ks thx’ough a mixture of acetylene with nitrogen, hydro- 
cyanic acid is produced; 2HOK. Hence this .acid, from 

which a large number of organic bodies may be derived, has been 
synthesised from its elementary constituents. Cuprous acetylide, in con- 
tact with zinc and solution of ammonia, yields ethylene, which is con- 
vertible into alcohol, and from this a very large number of organic 
compounds may be made. 

Acetylene is regarded as one of the most important intermediate 
bodies in the synthesis of oi’ganic compounds from their elements. 

Allylene, ov propine, CH^’C : CH, resembles acetylene, but its cuprous compound 
is yellow instead of red. 

The hydrocarbon (butinc) can exist in two forms, each of which will 

have a pair of trebly-linked carbon atoms, namely, CHj’OH^’C s CH (ethylacetylene) 
andCHa’C l C'CH^icrotonylene ox dimethylacetylcne) ; besides these true acetylenes, 
diolefines (p. 522) of the formula C,H,, exist. 

Crotonylene is a liquid (b. p. 27° C.) ; its vapour is one of the illuminating 
hydrocarbons in coal-gas. It does not form any metallic derivatives, and it 
appears that this is generally the case with those acetylenes wliich have not the 
group -C : OH in their composition. 

The other members of the series have no . practical importance at present. 
They are prepared by treating the bromo-substitution products of the paraffins 
and olefines with alcoholic potash. 

325. The paraffins, olefines, and acetylenes are supposed to have their 
carbon atoms linked together in what may be termed an “ open chain,’' 
that is to say, in such a manner that there are terminal carbon atoms, 
each of which is only attached to one carbon atom. It will be seen 
in what follows that there is good reason to believe that a large 
number of hydrocarbons exists in which no carbon atom is attached to 
only one other carbon atom. Such can only be the case if it be supposed 
that the terminal carbon atoms are attached to each other, thus : — 

O - C — O — O. Such hydrocarbons are termed “ closed-chain ” hydro- 
carbons, or riny hydrocarbons — since the arrangement of the carbon 

:C-C: 

atoms in the form of a ring is somewhat more convenient, e.y. 1 I 

:C-C: 

The only other series of open-chain hydrocarbons which are known besides the 
three already considered are those corresponding with the general formulse 
C„H2re_4 and C«H2„_o. The hydrocarbons of the former series must have either 
one pair of trebly- and one pair of doubly -linked carbon atoms, as in the formula 
CH3 -CH : CH -C CH, or three pairs of doubly-linked carbon atoms, as in CH3 • CH : 
C : G : CH„ ; the hydrocarbons of this series are distinguished by the suffix -one, 
e.p., Ii€X 07 ie, CgSg. The C«H2n-8 open-chain hydrocarbons must contain either two 
trebly-linked or four doubly-linked carbon atoms ; the treble linking is the more 
common, e.g., di-acetylene, CH ; C'C ; CH, aaA dipropargyl [liexadiine), CH 1 O’CH^* 
CHj’C • CH, which is isomeric with benzene. Both these hydrocarbons form 
copper and silver compounds like those of acetylene. 

326. Closed-chaix Htdkocaebons. — ^T he simplest closed- chain hydro- 
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carbon is the gas trimethylene,^- ’ which is an isomeride 

Jiexamet 1 iylene,\ 


of propylene. Pentamethylene, , 

CH,' CHo 

'CH-CH, 


and lieiitametliylene are also known, but these 

hydrocarbons are as yet of no practical importance : the arguments in 
favour of closed-chain structure for them are similar to those in favour 


of the closed-chain structure of benzene. 

Benzene Series of Hydrocarbons. — The general formula for this 
series is ^ number not smaller than 6. The 

series was originally called the aromatic series because the first hydro- 
carbons discovered were obtained from aromatic balsams and resins. 
Benzene itself is OgHg, and its homologues are formed from it by the 
replacement of hydrogen by OH3; thus, toluene, CgHjCHg; xylene 
.0gH^(0H3)j ; &c. Before the structure of these hydrocarbons is con- 
sidered some of their properties must be described. 

326. Benzene, OgHg, occurs abundantly in the light oil obtained 
in the distillation of coal-tar. It is also found in petroleum. From 
the light oil it is obtained by fractional distillation ; the portion which 
distils between 79° and 82° 0. consists chiefly of benzene, and is purified 
by cooling it below 0° 0. when the benzene crystallises, while the other 
hydrocarbons remain liquid and are removed by pressure. 

It is an ethereal liquid, having the odour of coal-gas, of which benzene 
vapour is one of the illuminating constituents. Sp. gr. 0.885 5 P- 
5.5° 0 . ; b. p. 80° C. It is very inflammable, and burns with a-red smoky 
flame •, but its vapour, when mixed with air or hydrogen (as in coal-gas), 
burns with a bright white flame. Benzene is insoluble in water, but 
dissolves in alcohol and ether. It is most largely used for conversion 
into aniline {q-v.), but is also used for dissolving fats, caoutchouc, &c. 
If benzene be dropped into the strongest nitric acid, or into a mixture 
of ordinary concentrated nitric acid with an equal volume of strong 
sulphuric acid, a violent action is set up, red fumes are evolved, and the 
liquid becomes red. On pouring it into several times its volume of 
water, a heavy, oily liquid falls which is nitrobenzene, 0 »HH 0 „; 
0 gHg-}-N 03 - 0 H = CgHgN 03 -fH 30 . ® ' ' 

The red fumes result from a secondary reaction not expressed in the 
equation. ^ The sulphuric acid is used to combine with the water, since 
weak nitric acid does not act on benzene. Nitrobenzene has a powerful 
odour of almonds, and is sold, dissolved in alcohol, as Mirhane essence, 
for use in confectionery and perfumery. It is, however, a poisonous sub- 
stance in large doses. It is also largely employed for the preparation of 
aniline. Nitrobenzene boils at 206° 0 . ; its sp. gr. at 0° C. is 1.2 * 
m. p. 3° 0. ’ 

If the mixture of nitric and sulphuric acids be boiled with the ben- 
zene, the liquid deposits, on cooling, a yellowish crystalline solid which 
is diniirobenzene, CgH^(NO,)j, a compound used in some explosives ; 

2(N0„-0H) = CgH,(NO:)„ + 2H„0. 


* The ^oup t CII; is termed mcthiilcne. 

+ Identical with bcnsenc liej:aliydri(le-, it is also ciilled cyclo-hexane and naphthene and 
has been already referred to as a constitnent of Russian petroleum (p. 515). 
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Strong sulphuric acid also oxidises part of the hydrogen in benzene, 
when heated with it, leaving in its place the sulphonic groiop, or sulplmric 
acid residue, SOg'OH, which bears the same relation to sulphuric acid, 
802(011)2, as nitroxyl, NOj, bears to nitric acid, NO," OH; thus 
OgHg + SOg(OH)2 = HgO + OgHj" SOg' OH {Jbenzene-sulphonic acid). If 
fuming sulphuric acid he used, a second atom of hydrogen may be 
replaced; OgHe+ 2S02(0H)2 = 2H20 + 0gH^(S02'0H)2 {benzene-disul- 
pTionic acid). 

When chlorine is passed into benzene (containing a little iodine, which 
assists the reaction), monochlorohenzene, CgHgOl, is formed; it is an 
almond-smelling liquid, which boils at 132° 0,, is not decomposed by 
caustic alkalies, and is reconverted into benzene by water and sodium- 
amalgam (to yield nascent hydrogen). The further action of chlorine 
on benzene yields 

Dichlorobenzene, CgH^CJ, Tetrachlorobenzene, CsH^Ch 

Trichlorobenzene, C^HjCla Pentachlorobenzene, CgH&h 

' Hexachlorobenzene, CgClg 

These are all crystalline solid bodies. 

Beside these svhsiitution-products, benzene is capable of forming addi- 
iion-p’oducts with chlorine ; benzene dichloride, OgHgOh ; tetrachloride, 
OgHgCl^; hexachloride, CgHgOlg, These are less stable than the substi- 
tution-products ; thus, the hexachloride, when heated with potash dis- 
solved in alcohol, yields trichlorobenzene ; 

CgHgClg + 3KOH = CgHgClg + 3KCI + 3H„0. 

When benzene is treated with hydrogen dioxide, it is slowly converted 
into hyd/i'oxyhenzene or phenol ; CgHg + HgOj = CgHj ‘OH + HgO. 

Benzene was so called because it was first prepared by distilling 
benzoic acid with slaked hme (3 parts); OgHg’COjH-t- Oa(OH)2 = 
OgHg + OaCOj HgO. This method is still adopted for preparing 
perfectly pure benzene. 

Benzene is detected by first converting it into nitro-benzene and 
reducing this to aniline {q.v.), which is recognised by its reaction with 
bleaching-powder, 

327. Constitution of benzene. — A saturated hydrocarbon is one which 
corresponds with the general formula 0„H2„+2, so that it is evident 
that benzene is an unsaturated hydrocarbon. In the case of the un- 
saturated hydrocarbons already considered (ethylene, acetylene, <fec.) it 
has been seen that they have been so termed because of their capability 
of uniting directly with chlorine or bromine, and it has been noticed 
that the molecule of a hydrocarbon will combine with 2, 4, &c, atoms of 
Cl or Br according to its degree of unsaturation, and that the final 
product of such combination is always a compound of the general type, 
C„H2„_*X^, where X is 01 or Br. This compound is a stable one .and 
does not combine with any more halogen. Moreover, this reaction 
between the unsaturated hydrocarbon and the halogen is the primary 
reaction between the two substances. 

The reaction between benzene and a halogen is of a different nature 
from this. As has been stated above, it is more easy to obtain halogen- 
substitution products — i.e., those in which halogen is substituted for 
hydrogen — from benzene, than it is to obtain mere addition-products, 
containing halogen added to the hydrocarbon. This recalls the behaviour 
of paraffin hydrocarbons. 
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It seems, then, that benzene resembles both the saturated and un, 
saturated hydrocarbons in its behaviour towards halogens.^ It differs - 
however, from the former class in that it can form addition-products 
with the halogens, and from the latter {e.g., its isomeride dipropargyl) 
in that the most saturated derivative obtainable from it corresponds 
with the general formula C„X'2,j and not with C„X'2n+2* When ben- 
zene is heated with excess of hydriodic acid it is converted into the 
hydrocarbon CgHj,, thus ; OgHg + 6III = + I5. This benzene 

kexahydrideis isomeric with the olefine hexylene, which, however, might 
be expected to become hexane, Ogllj^, when heated with excess of 
hydriodic acid. 

These facts with regard to benzene may be easily explained on the 
hypothesis that the six carbon atoms are united together in such a 
manner that there is no carbon atom which is not attached to two other 
carbon atoms — in fact, that the six carbon-atoms form a closed chain. 
It will be seen at once that all closed-chain compounds must contain a 
carbon-nucleus which is possessed of two fewer atom-fixing powers than 
the corresponding carbon-nucleus in an open-chain compound has ; for 
instance, the nucleus -O’O’O'O'O'O' lias 14 atom-fixing powers, 
whilst the nucleus •C‘O-0’0'C!'CJ* has only 12 atom-fixing powers. 

!_ __l 

The closed-chain formula for benzene must contain three pairs of 
doubly-hnked carbon atoms, if all the affinities of each atom are to be 
I’epresented as satisfied in the same way as they are represented in open- 
chain compounds. Since, as will be shown, there is reason to believe 
that the structure of the benzene molecule in space is symmetrical, it is 
customary to represent these three double bonds symmetrically in the 
formula, which is therefore written in the form shown 
in fig. 266, and known as JCeJcule’s benzene-ring. 

Some support is lent to this formula by the fact that acetylene 
polymerises into benzene when it is heated, HC : CH + HC : CH + 

HC •: OH becoming HC;CH-HC;CH-HO:CH. There afe, how- 
ever, some grave objections to Keknl6’s formula which will be 
noticed in the sequel. 

327a. Position-isomerism, — Isomerides have already 
been defined as compounds which have the same percentage composition 
and the same molecular weight, but different properties. The isomerism 
may be due to one of three causes, (i) The isomeric compounds may be 
composed of different radicles, thus, the compounds aH,-00-C,H, and 
Clij CO CgH, are isomeric; such isomerides are sometimes termed 
metamcrid^. (2) The isomeric compounds may consist of the same 
radicles, but these ^ may be attached to different carbon-atoms ; an 
example wms met ivith in the case of pentane (p. 519) ; such isomerides 
may be termed positzon-isomerides. (3) The isomeric compounds may 
have the radicles, attached to the same carbon-atoms but difiei’- 
ently situated in space with regard to each other ; such cases will be 
met v 1 ^ hereafter (lactic acids); these isomerides are termed stereo - 
isomerides. 

Position-isomerides which are mono-substitution derivatives of a 
liydrocai^oii have only been found to exist in those cases where the 
carbon atoms in the nucleus are not all similarly united to each other! 


H 

HC CH 

fl I 

HC CH 

H 

Fig. 266. 
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Thus, two monobromethanes, CjHsBr, have never been prepared, and 
it is concluded that more than one cannot exist because, since there 
are only two carbon atoms in the nucleus, these must be similarly 
united to each other. There can, however, be two monobromopropanes 
CgllyBr, because the carbon-nucleus contains three carbon atoms, one 
of which is united with two other carbon atoms and two hydrogen 
atoms, whilst the other two are, each of them, only united to one other 
carbon atom and to three hydrogen atoms ; thus, the two compounds 
HjO’OHj* OHjBr and HjO'CHBr'CIIj may be expected to be different 
from each other, probably because the centre of gravity of the molecule 
of each is not the same, omng to the difference in the point of attachment 
of the bromine atom. That these two compounds exist there is no doubt, 
and that they have the formulse above ascribed to them is rendered 
highly probable from the methods of their formation, which will be 
discussed anon. 

From what has been said, it will be understood that the fact that • 
only one mono-substitution product of benzene can be found to exist, no 
matter what the substituting element or radicle be, is strong support in 
favour of the similarity of hnldng between all the carbon atoms, and 
of the symmetrical structure of the molecule. Thus monobromobenzene, 
CgHjBr, can be produced in several ways and yet it always has precisely 
the same properties. 

It can, of course, be objected that it may happen that the various methods of 
preparing this compound always result in the substitution of the same H atom 
by Br, so that this element is always attached to the same carbon atom, and that 
could it be attached to some other one of the six atoms a different monobromo- 
benzene would result. The following line of argument, involving reactions 
which will be understood later, refutes this objection. Monobromobenzene is 
prepared by the direct action of bromine on benzene, and may have been formed 
by the substitution of Br for any one of the six H atoms in the benzene-ring 
(fig. 266). Assume that H (i) has been replaced, so that the product may be 

2 3 4 5 G 

represented as CgBrHHHHH, By treating this with HNO3, the compound 
C6H4Br(NO„) is produced, and it is reasonable to admit that the second H atom, 
which has been replaced by the NO^, is not the same H atom as was replaced by 
the Br beforehand. Assume that H (2) has been replaced by NO„, then thenitro- 

3 4 5 C 

compound will be C^Br(NOn)HHHH, By treating this with nascent hydrogen 
(neglecting another reaction) the Br may be removed, and the H whose place it 

occupied reinstated, so that nitrobenzene of the formula CsH(NO,^)HHHH is 
produced. By treatment with reducing-agents this is converted into an amido- 

1 3 4 ^ G 

substitution-derivative CoH(NH„)HHHH. When this is treated, under certain 
conditions, with nitrous acid it yields the compound called diazobenzene, 

CeH(N„)HHHH, and by decomposing this with hydrobromic acid, monobromo- 
benzene, CsHBrHH^H is obtained, and this is found to be identical with the 
bromobenzene produced directly from bromine and benzene, showing that whether 
H (i) or H (2) be replaced by Br, the same substance is produced. 

The cases of position-isomerism among poly-substitution derivatives 
of hydrocarbons are very numerous. Two dibromo-derivatives of 
ethane are known to exist, viz.: CH^Br-OH^Br and OHg-OHBr,. It 
has been found that there are four dihromopropanes, OjHgBrj, and 
from the methods of their formation there is reason to believe that 
they can be represented by the formulse, (i) OH^Br'OHj-CHjBr, 
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(2) OHg-OHBrOHsBr, (3) OH3-CH,-GHBr„ and (4)OH3-OBr3-OH„Br. 
Only two other methods of writing this formula are possible, viz. . 

(5) OH3Br-OHBr-OH3 and (6) OHBiyOH^-CHg; but in (5) the Br 
atoms are attached to carbon atoms which are the same, so far as their 
linking to other atoms is concerned, as the carbon atoms to which the 
Br atoms are attached in (2), and there is the same similarity between 

(6) and (3). It is evident that if the number of carbon atoms in the 
open-chain hydrocarbon-nucleus, or the number of substituting bro- 
mine atoms, be increased, the number of ways in which the formula 
can be written so that this is essentially different each time, will be 
increased. It has been supposed that as many isomerides may exist as 
there are essential differences in the formulae which can be written 
for the compound; whilst many isomerides, thus prophesied, have 
been prepared the number remaining to be discovered is so large ^ that 
some hesitancy may reasonably be shown in accepting the supposition. 

It must be remembered that a representation of molecular structure in one 
plane is not possible. If propane be regarded as a string of tetrahedra, such as 
are depicted on p. 521, and if it be considered as a matter of indifference, so far 
as the centre of gravity of the system is concerned, to which angles of any one 
tetrahedron the bromine-atoms are attached (as would be the case if the tetra- ' 
hedra were capable of rotating about their common axis), it would seem that only 
such dibromopropanes exist as have the bromine atoms attached in a manner 
which will alter the centre of gravity of the system- 

In the case of benzene the poly-substitution products have been very 
thoroughly examined. Most of the di-substitution products are known 
in three isomeric forms, but no di-substitution product of benzene has been 
prepared in more than three isomeric forms. 

Thus, although benzene yields only one mono-substitution product, 
it is capable ,of forming three di-substitution products, in each of which 
two atoms of hydrogen are replaced by radicles or by other elements. 

Thus, there are three di-bromobenzenes, all having the formula 
CgH^Br^, and therefore strictly isomeric, and yet having different 
properties '; so there are three di-nitro-benzenes, 05lI^(JS10j),, and three 
benzene di-sulphonic acids, CgH4(S03H),, and such compounds form 
perfectly distinct seiles, so that if they be distinguished as a, h, and c 
compounds, n-di-bromobenzene will yield a-di-nitrobenzene, ' and 
«-benzene-di-sulphonic acid, while b and c di-bromobenzenes will also 
yield their proper series of derivatives. 

To explain the existence of these three isomeric di-substitution 
products, it is necessary to assume that different pairs of hydrogen 
atoms in benzene have different chemical values, and that the properties 
of the di--substitution products depend upon the par- 
ticular pair of hydrogen atoms replaced by the substi- 
tuted radicle. In order to investigate this it became 
necessaiy to orient (as it is termed in surveying) the 
plan of the benzene formula, that is, to mark the situa- 
tion or bcaj'ing of its different parts. 

To ellect this orientation of the benzene ring, it is 
necessar} to distinguish the aorbon atoms, for which 
purpose they are numbered consecutively as on a watch- 
face (fig. 267). 

The pairs of hydi'ogen atoms occupying places i and 2, 2 and 3. 
3 and 4, 4 and 5, 5 and 6, 6 and i, bear the same relation to the figure, 
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and are therefore of equal value, so that whichever pair is replaced by 
other radicles, the di-substitution products will be identical. 

Again, i and 3, 2 and 4, 3 and 5, 4 and 6, 5 and i, 6 and 2, being 
alternate atoms, bear the same relation to the figure, and their replace- 
ment would give rise to identical di-substitution products. 

But consecutive atoms, such as r and 2, or 2 and 3, have a different 
relation to the figure from that belonging to alternate atoms, such as 
I and 3, or 2 and 4, so that the replacement of two consecutive atoms 
of hydrogen would give one kind of derivative (say the a-substitntion 
product), and that of two alternate atoms would produce another kind 
(say the 6-substitution product). 

Lastly, the pairs r and 4, 2 and 5, 3 and 6, have the same relation 
to the figure, and, when replaced by other radicles, would give identical 
products, but these would be different from the a and h products, and 
may be called the c-substitution products. 

As the above lists exhaust all the possible pairs of hydrogen-atoms, 
there can be only three di-substitution derivatives of benzene. Instead 
of using a, b, and c to distinguish the three isomerides, it is customary 
to use the prefixes ortho-, meta-, and parct^, respectively. When adjacent 
hydrogen atoms in the benzene ring are replaced by other radicles, the 
product is an ort/io-compound ; when alternate hydrogen atoms are 
replaced, the product is a mcta-compound ; when opposite hydrogen 
atoms are replaced, the product is a pccm-compound. This is sometimes 
denoted by figures appended to the formula ; thus, dibromobenzene (i : 2) 
is ortho-dihromobenzene ; (i 13) is meta-dibromobenzene ; and (i : 4) 
para-dibromobenzene, all having the formula OgH^Br,. 

This fact, that there are only three di-substitution products of benzene, consti- 
tutes the main objection to Kekul 4 ’s formula. It is not in accord with experience 
obtained from the open-chain compounds, that a substitution derivative containing 
the substituent groups attached to carbon atoms doubly linked together, should 
be identical with one which contains the groups attached to singly-linked carbon 
atoms ; thus 1:2 — dinitrobenzene should differ in properties from 1:6 — dinitro- 
benzene, though as afact these two compounds areidentical, andfour di-substitution 
products are not known. Kekule gets over this objection by supposing that the 
ring is in constant vibration, the double links and single links changing places 
every swing. Several other formulae have been proposed, notably the so-called 
“ central formula ” of Claus, the conception underlying which will be appreciated 
from fig. 268. 

An argument in support of this formula is the high resistance 
shown by benzene and some of its substitution products to direct 
oxidation (by alkaline permanganate, for example), thus indica- 
ting that “ ethylenic linking ”—2’.e., carbon doubly linked, as in 
ethylene — does not occur. On the other hand many addition 
products of benzene, in which all the carbon atom-fixing-powers 
are not satisfied, are so easily oxidised that ethylenic linking 

Fig. 268. may be supposed to exist in them. Baeyer believes in the 
existence of ethylenic linking in some benzene compounds and 
of central or ‘^para-’ linldng (as in fig. 268) in others. 

Pending a better knowledge as to the disposition of the fourth atom-linking- 
power of each carbon atom, the majority of chemists prefer to represent benzene 
compounds as derived from a plain hexagon. 

Tri-suhstitutio^i derivatives of benzene, in which the same radicle 
is substituted for all three atoms of hydrogen, are found to exist in 
three isomeric forms ; thus, there are three tribromobenzenes, OgH^Brj, 
distinguished as adjacent (1:2; f), -symmetrical (r : 3 : 5), and asym- 
metrical (1:2:4). If the substituted radicles are of two different 
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kinds, say chlorine and bromine, six isomerides may be formed, 
and if three different radicles are introduced, say chlorine, bromine, 
and NOj, ten isomerides are possible. 

Tetra-suhstitiotion derivatives of benzene 'may also be adjacent (i : 2 : 3 ; 4), 
symmetrical (1:2 ; 4 ; 5), and asymmetrical (i : 3 : 4 : 5). With a 
single substituted radicle, only these three isomerides are possible, but 
two radicles may give 20, three radicles may give 16, and four radicles 
may give 30 tetra-substitution products. Evidently only one penta- 
substitution product is possible with one radicle. 

The experimental investigation of the orientation of a benzene derivative 
consists in attempting to introduce fresh substituents into the nucleus, 
or in replacing some substituent by hydrogen ; how this settles the orien- 
tation will be understood from the following — 

By treating a dibromobenzene with bromine it is possible to convert 
it into ti’ibromobenzenes (though this means of converting a dibromo- 
into a tribromo-benzene is not the most convenient). It is found that 
the dibromobenzene which boils at 224“ 0. yields two tribromobenzenes, 
whilst that which boils at 219.5° 0. yields three tribromobenzenes, and 
that which boils at 219° C. and melts at 89° O. (the others melt at about 
1° C.) yields only one tribromobenzene. How, an inspection of the 
formulae for the three dibromobenzenes as written on the plane of the 
paper, will show that the i : 2-dibromobenzene can only yield two 
tribromobenzenes, viz,, 1:2:3 and 1:2:4, since i : 2 : 5 = i : 2 : 4 
and I : 2 : 6 = I : 2 : 3. Again, it will be seen that the i : 3-dibromo- 
benzene can yield three tribromobenzenes, viz., i : 2 : 3, 1 : 3:4 and 
I : 3 • 5 (i = 3 : ^ = I • 3 • 4)) ■whilst the i : 4-dibromobenzene can only 
3deld one tribromobenzene, viz., i : 2 : 4 (or i : 3 : 4, or i : 4 : 5, or 
I : 4 ; 6, all these being identical with 1:2:4). The diagram will 
make this more clear : — 
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derivative whicli yields three tribromo-derivatives •, and that the i : 4- 
derivative which yields only one tribromo-derivative. 

The orientation of tri-substitution derivatives may be similarly 
settled by replacing one of the substituents by hydrogen, and thus 
obtaining one or more di-derivatives. If the derivative, he the 1:2:3- 
derivative it will yield two di-derivatives, viz., i : 2 and i : 3 ; if it .he 
the 1:3: 4-derivative it will yield all three di-derivatives ; if it be the 
1:3: 5-deriv&tive it can only, yield one di-derivative. 

The orientation of certain derivatives, which may be called standard derivatives, 
having been settled by investigations involving the principle stated above, the 
orientation of any new compound may be settled by converting it into one of 
these. Chief among these standards are the bromo-derivatives and the carboxylic 
acids (phthalic acid, &c. ). Thus, the orientation of a newly discovered nitro- 
derivative could be settled by submitting it to a treatment (such as that indi- 
cated on p. 528) which would replace the NOj groups by Br atoms ; a study of 
the properties of the bromo-derivative thus produced would decide its orientation 
and therefore that of the original nitro-derivative. 

It is to be noticed that a polyvalent element can never be substituted for 
several hydrogen atoms in the benzene-nucleus ; thus, C,.HjO is not known. 

The desire to prophesy what compound will be produced when a benzene deri- 
vative is treated with a substituting agent, has led to the formulation of several rules. 
Thus, it has been laid down that, when in a compound C^H^X, X is •NO„,'SO,OH 
or *GOOH, any new radicle entering into CjHjX will take up the meta* position 
to X. If X be any other group, the newly entering substituent will generally 
produce the para-derivative, but accompanied by a little of the ortho- and some- 
times of the meta-derivative. 

If X be an element or radicle which forms a compound HX, capable of direct 
oxidation to HOX, the newly entering substituent will take the meta-position ; 
if, on the other hand, it be not so capable of oxidation, the newly entering sub- 
stituent will take up the ortho- and para-positions (Crum Brown and Gibson). Thus, 
the introduction of a substituent into C^H^Cl will give ortho- and para-derivatives 
because HCl is incapable of direct oxidation to HOOl, whilst its introduction into 
C^Hj-COOH will give a meta- derivative because HCOOH is capable of direct 
oxidation to HO'COOH. 

3276. Homologues of Benzene. — ^Tliese are derivatives of benzene 
containing alkyl radicles in place of hydrogen, such substituting radicles 
being termed side-chains. Methylbenzene {tohvene), CgHj' CH3, dimethyl- 
benzenes [xylenes), 0eH.,(CH3)2, tHmethylbenzenes, 03113(0113)3, and 
ietrameihylbenzenes, 05112(0113)^, occur in coal-tar ; numerous others, such 
as ethylbenzene, OgHj* OHg' Q'B.^,methylethylbenzene, 0511^(0113) (OH„‘ OH3), 
(kc., have been prepared synthetically. 

The residues of the benzene hydrocarbons, or aromatic radicles, are 
named similarly to the alkyl radicles ; thus, corresponding with methyl, 
ethyl, and propyl, there are phenyl, O5II-, methylphenyl or tolyl, O5II/ GH,, 
dimethylphenyl or xylyl, OgHj* (OH,),. 

Tolmne and the xylenes are alone of any great practical importance 
among these homologues. 

These hydrocarbons are extracted from the coal-tar obtained by the 
distillation of coal for the manufacture of coal-gas. A large quantity of 
the tar is distilled in an iron retort, when water passes over, holding 
salts of ammonia in solution, and accompanied by a brown, oily, offensive 
liquid which collects upon the surface of the water. This is the light oil 
containing the benzene hydrocarbons. To purify it, it is shaken with 
caustic soda, to dissolve carbolic acid (phenols), and afterwards with 
sulphuric acid, which removes aniline and other basic compounds. It is 
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then subjected to a process of fractional distillation, surular in prin- 
ciple to the process described at p. 516. 

Toluene, CgHj- CH3, is always present in commercial benzene. It was 
originally distiUed from balsam of Tolu, and may be prepared by distiUing 
toluic acid, 06H,(0H3)002H, with lime. It_ is a little heavier than 
benzene (sp. gr. 0.882), which it resembles in odour, but it does not 
solidify even at —20° 0 . It boils at 110° 0 . Benzene may be con- 
verted into toluene by fii'st obtaining hromohenzene, OgHjBr, and treat- 
ing this with methyl iodide and sodium, in the presence of ether, 
OgHjBr + CH3I + Na_, = OH3 + NaBr + Nal. Under the action of 
oxidising agents, toluene yields benzoic acid.*' 

Toluene is used chiefly for making aniline dyes, and artificial oil of 
bitter almonds ; it is also used as a solvent. 

Xylene, C3H/OH3)2, being a di-substitution product, exists in three 
forms ; but besides these there is a fourth hydrocarbon of the formula 
namely, ethylbenzene, which, however, is a metameride of xylene. 
The portion of the light oil which distils at 136-141° contains about 
70 % of metaxylene, 20 % of paraxylene, and lo % of orthoxylene. The 
mixture is used as a solvent. 

By shaking the mixture with H„S 0 ^ of 80% strength, the metaxylene is dissolved 
out ; by treating the residue with ordinary strong H„SO^, the orthoxylene is ex- 
tracted, leavingthe paraxylene. Theactionof the HHO*, isto convertthexyleneinto 
a sulphonic acid, C(.H3(CH3)„‘S020H,from which the hydrocarbon can be obtained 
by dilution with water and" distillation. Orthoxylene boils at 142-143° C. ; meta- 
xylene at 137° C. ; andparax-i/loie at 136° C. (m. p. 1 5° 0 .). By oxidation the methyl 
groups may be successively converted into COOH groups, yielding toluic acids 
, 0 ,,H^ (CH,) (COOH), and xddUalic acids, C3H4(C00H)2. Each of these acids exists 
in three forms, yielded respectively by ortho-, meta-, and paraxylene. 

Mcsitylcnc is I : 3 : 5-trimethylbenzene, obtained by the action of 

dehydrating agents on acetone, 3(CH3’ CO'CH,) = C„H3(CH3)3 4- 3H„0 ; it boils at 163° 
C. and is metameric with cumene, or isopropylbenzene, C5H5‘CH(CH3)3. Durene is 
1:2:4: ^-tctramethylhcnzene (m. p. 79° C.) and has an odour of camphor ; it is 
metameric with cymcnc, or 1 : ^.-methylisojmopylbenzene, C|jH^(CH3)'CH(CH3)2 
which is found in oil of cummin and is a product of the dehydration of camphor. ’ 

328. The chief distinction between benzene hydrocarbons and open-chain 
hydrocarbons resides in the ease with which the former may be con- 
verted into nitro-substitution products by the action of strong nitric acid, 
and into sulphonic acids by the action of strong sulphuric acid. Moreover, 
the homologues of benzene easily undergo oxidation resulting in the 
conversion of the side-chains into the gi’oup carboxyl, COOH, character- 
istic of acids. 

General methods for preparing benzene hydrocarbons are : (i) The distillation 
of the corresponding carboxylic acid vith lime, which removes C 0 „ from the car- 
boxyl group:— C„H,(CH3)-(COOH) = C3 Hj-CH 3-}-CO.. {2) The interaction of the 
bromo-substitution derivative and an alkyl iodide with sodium in ether : CjHjj-Br 
4- C.dl5 ‘ 1 4- Na_.= CjHj’ C3 Hj 4- Nal 4- NaBr {Fitiig's reaction, cf. the general methods 
for prep.aring paraliins, p. 518). (3) The interaction of a benzene hydrocarbon with 
an alkyl iodide in the presence of ALClg, the precise function of which is not under- 
stood: Cf,Hi‘CHj4-2CH3Cl=CrHj(CH3)3 4-2HCl. {Fricdd and Oq/l’s reaction.) 

329. The above benzene hydrocarbons contain, as side-chains, the residues of 

s.aturated open-chain hydrocarbons. There also exist hydrocarbons containing 
residues of olefine and acetylene hydrocarbons. The olefine-benzenes correspond 
with the general formula and the acetylene-benzenes correspond with 

the general formula 

Cinnamcnc, styrolene, or styrene, C^Hj-CH : CH-, is phenyl-ethylene. It is 

• Toluene is formed in large proportion when heptine (oenanthylidene, C;lli«) is dropped 
into a rod-hot iron tube. 
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obtained by distiUing cinnamic acid with lime ; OH : OH • COOH + Ca(OH)j= 
CgHs + CaCOa + HjO. It can also be prepared by distilling balsam of storax, or by 
distilling the resin known as dragon’s blood with zinc dust. Cinnamene is a 
fragrant liquid of sp. gr. 0.924, and boiling-point 145° 0 . It resembles the olefine 
hydrocarbons in uniting directly with chlorine, bromine, and iodine. When 
heated in a sealed tube to 200° C., it becomes converted into a transparent solid 
known as metacinnamene, or metastyrolene, which is polymeric with cinnamene, 
into which it is reconverted by distillation. When heated with hydrochloric acid 
to 170° C., cinnamene is converted into di-einnamene, 0 ,cH] 6 . 

Phenylacetylene, C,,H5‘C i OH, is a liquid which boils at 142° C. ; it yields the 
explosive silver and copper derivatives characteristic of the true acetylenes 
(P- 524)- 

329. Hydrocarbons containing more than one benzene-nucleus. 
— These hydrocarbons can be classified into several groups : (i) Those 
which contain benzene-nuclei directly united, such as dyAenyl, 
CgHj’OgHj. (2) Those in which two or three nuclei are united by one 
carbon-atom, as in diphenyl-metliane, CgHj' CH„’ O^Hj, and triphenyl- 
metJiane, 0H(CgH5)3. (3) Those which contain two benzene-nuclei 

united by two carbon - atoms, like dibenzyl, OgHj* CHj’ OHj’ OgHj. 
(4) Those which contain condensed nuclei, as explained under naphtha- 
lene and anthracene. 

Many of the derivatives of these hydrocarbons are of importance in 
the arts, but, with the exception of those from naphthalene and an- 
thracene, the hydrocarbons do not form the raw materials for making 
them. 


Diphenyl ox phenylphenyl, CgHg'CgH,, is prepared by the action of sodium' on 
bromobenzene dissolved in ether; 2CgH5Br+2Naj=(CgH5)„+2NaBr, a mode of 
formation which settles its constitution. It may also be” obtained by passing 
benzene vapour over red-hot pumice-stone ; 20gH5H = (CgH,)„-f Hi ; or by distilling 
potassium phenol with potassium benzoate, CgHj’ OK + CgH,* CO^K = (OgHj)^ + K„C03 ; 
potassium oxalate may be substituted for benzoate; 2CgH50K-)-(600K)„=: 
(C6H5)„-)-2C0(0K)„. It is also found among the last products of the distillation 
of coaf-tar (at about 260° C.). Diphenyl crystallises from alcohol or ether in 
leafy crystals which have a pleasant odour and are insoluble in winter. It fuses 
at 70° C. , and boils at 254° C. When it is dissolved in glacial acetic acid, and 
treated with chromic acid, one of the CgH^ groups is destroyed, while the other 
forms benzoic acid, CgHg’ CO„H. It forms numerous substitution derivatives, like 
benzene ; since it may be regarded as already being a mono-substituted benzene, 
containing phenyl in the place of H, its mono-substitution-derivatives will be 
di-substituted benzenes and occur in three isomeric modifications. Its di-deriva- 


tives occur in many forms, for substitution may occur in each ring. The orienta- 
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tion is expressed as follows : 




Phenyl-tolyls, 


5' 6' 6 5 

and ditolyls, CgH^(CH3)’C„Hj(CH3), are examples of mono- and di- 
substituted diphenyl ; the 4- and 4 : 4'-derivatives are the most common. By 
treating a mixture of i : 4-CgH4Br2 and CgH^Br with sodium, i : /^-diplienylben- 
zcne, CgH/CgH^);, is obtained ; it melts at 205° C. 

DipJiem/tmefimne, C„H 'CH/CgHj. It is obvious that toluene may be regarded 
as phenylmethane, CHgtOgHj^, and just as toluene may be prepared by the inter- 
action of methyl chloride and benzene in presence of AkClg, so diphenyhnethane, 
CH„(C,;H5)„, can be prepared from phenylmethyl chloride”, commonly called benzyl 
chloride (9.2;.),CgH5-OH3Cl, and benzene in presence ofAljClgj CgHgH-fCgHj-CHjCI 
~ CgHj* CH„‘ CgHj -f HCl. It crystallises in needles which smell like the orange and 
dissolve in alcohol and ether ; it melts at 26° C. and boils at 262° C. Chromic 


acid oxidises it to diphenyl-ketone (g-u.). When passed through a red-hot tube 
it undergoes the same kind of condensation as benzene does when it yields 
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diphenyl (p. 534) under the same conditions ; the product, dij^liemjUne-mcthanc* or 

ilxiorene, CH„, is found in the last runnings (300° -305° C.) from coal-tar 

and crystallises from alcohol with a blue fluorescence. Oxidation converts it into 
diphenylene ketone. It melts at 113“ C. and boils at 295° 'Friphenylmetliane, 
CH(C HO is obtained by the interaction of chloroform and benzene in presence of 
ALCL; 3 C,H 5 H-fCHCl 3 =CH(C„H 03 + 3HCl. It crystallises in colourless prisms 
wMcli when formed from a benzene solution contain one molecnle of ocuzcnc of 
crydallisation. It dissolves in hot alcohol, melts at 93° C. , and boils at 359° 0 . The 
aniline dyes are derivatives of this hydrocarbon. 

Dibenzyl, OgH.- CH„‘ CH„- C^Hs. Toluene can give rise to two hydrocarbon residues 
or radicles, viz., tolyl, CsH/OHj, and betizyl, C3H3 CH„. When the chloride of the 
latter radicle is treated with sodium, dibenzyl is produced, 2(C3H5'CH2C1) + Na_.— 
CgHs-OHj-OHj-OgHj-l-zNaCl. It may also be regarded as clijnhenylethane ; it melts 
at 52° C. and boils at 284° C. ; when oxidised it yields benzoic acid. • Diphenyl- 
ethylene, or stilhene, or toluylene, O^Hj’OH : CH'OgHj, is formed by treating 
benzal chloride (q.v.) with sodium; 20gH5‘CHC]„ + Na2=CgH3'CH„'CH2*C3H.+ 
cNaCl. Also by partially oxidising toluene or dihenzyl, by passing it ovet hot 
PbO. It crystallises in prisms, melts at 125° C., and dissolves in hot alcohol. It 
contains true ethylenic linking, for the first action of bromine on it is the forma- 
tion of the dibromide, CgHj'CHBrCHBrCgHs. Diphenylacetylcne or tolane, 
0„Hj"C : C’CjHs, is formed by boiling stilbene dibromide with alcoholic potash. 
It melts at 60° C., and behaves as an acetylene, save that, not containing a - C • H , 
group it yields no metallic derivative. 


330. Naphihalme, is a crystalline hydrocarbon with an odour 

of coal-gas, and is occasionally deposited in gas-pipes in cold weather, 
causing an obstruction. It is a very common product of the action of a 
high temperature upon substances rich in carbon ; coal and wood yield 
it on distillation ; marsh-gas, alcohol vapour, and ether vapour, when 
passed through a red-hot tube, deposit crystals of naphthalene in the 
cooler part. Burmese petroleum and Rangoon tar contain naphthalene. 

When coal-tar is distilled, the benzene hydrocai’bons which distil over 
in the light-oil, are succeeded, as the temperature rises, by a yellow oil 
which is heavier than water. This, known as dead-oil, is much more 
abundant than the light-oil, amounting to about one-fourth of the 
weight of the tar, and containing those constituents of the tar which 
have a high specific gi’avity and boiling-point. When the temperature 
has risen to about 200° 0., the distilled liquid partly solidifies on cool- 
ing, from the crystallisation of naphthalene. This portion is pressed 
to expel the liquid part, washed successively with caustic soda and 
sulphuric acid, and distilled; or the washed naphthalene may be sublimed. 

Properiies.— Transparent crystals, smelling of gas, melting at 80° 0,, 
and inflaminable, burning with a smoky flame. It sublimes much 
below its boiling-point (218° 0 .). Insoluble in water, soluble in alcohol, 
ether, and benzene. 

In its chemical relations, naphthalene is closely connected with 
benzene, but it shows a greater disposition to form addition-products 
w ith chlorine and bromine, with which it yields numerous substitution- 
products. Naphthalene absorbs chlorine, forming a yellow liquid, 
naphthalene dichloride, CjgHgOlj, and a crystalline solid, naphihcdene 
tetrachloride, Oj^HgOl^. The non-existence of O.gHgCL is in accordance 
with the law of even numbers (p. 510). 

Naphthalene is used for making pbthalic acid, into which it is con- 
verted by oxidation ; for inci'easing the illuminating value of coal-gas 


* is called plienylene, by analogy with (CoH^)", ethylene. 
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{alho-carhon light) ; and as an insecticide. Many of its derivatives are 
used for making synthetic dyes. 

Constitution of naphthalene.— The similarity of the behaviour of naphthalene 
with that of benzene indicates an analogous structure for these two compounds, 
and since by oxidation naphthalene yields a benzene dicarboxylic acid, CgH, 
^COOH)„, it must be assumed to contain a benzene ring. Thus, six of the ten 
carbon atoms are accounted for ; two of the remaining four must be attached 
directly to two of the carbon atoms of the benzene ring, otherwise a dicarboxylic 
acid could not have resulted from the oxidation ; moreover, since the dicarboxylic 
acid proves to be phthalic acid, which is believed to have the carboxyl groups 
attached to adjacent carbon atoms of the ring, the two carbon atoms must be 
attached to the benzene ring in the ortho-position to each other. The two 
remaining carbon atoms are believed to form a closed chain with the two just 
considered. Postponing, for the moment, the evidence for this belief, the 
formula to which it gives rise may be regarded as consisting of two benzene rings, 
so condensed together that they have two carbon-atoms in 
i' I common. Fig. 269 furnishes a representation of the struc- 

ture of naphthalene and at the same time indicates the 
, jv \ / numbering of the carbon-atoms for purposes of orienta- 

tion. To avoid the representation of ethylenic linking [cf. 

1 II I p. 530) many chemists omit the five double bonds in the 

3'c c c 3 formula. 

That naphthalene consists of two benzene-nuclei condensed 
4' 4 as represented by the formula is supported by the following 

Fio- oft facts : — When nitronaphthalene is oxidised nitrophthalic 

acid, C5H3(N0„)(C00H)2, is produced; from this reaction 
it is evident that the nitro-group* in nitronaphthalene is in a benzene ring, 
whether there be a second benzene ring or not, and we may suppose that it 
occupies the position i' in the formula (fig. 269). By reducing the nitronaphtha- 
lene it becomes amidonaphthalene, that is, the nitro-group has become an amido- 
group, and it is reasonable to suppose that the new group occupies the same 
position as the nitro-grouj) did. Now if this amidonaphthalene be oxidised it is 
not an amidophthalio acid which is obtained, but simply phthalic acid itself ; 
since an oxidising action cannot replace NH„ by H, it must be concluded that it is 
the ring in which the NH„ group was situated that has been removed by the 
oxidation, and yet a benzene ring compound (phthalic acid) has been left, showing 
that the naphthalene must contain two such rings. 

■’ It is found that two isomerides of every mono -substitution product of naphtha- 
lene exist ; this is in accord with the formula, for it will be seen that whilst the 
carbon atoms i, 1', 4 and 4' are similarly situated towards the whole molecule, 
they are differently situated from 2, 2', 3 and 3', which, however, are similarly 
situated towards the molecule. When a substituent takes up any of the first-named 
positions, it is termed an a-derivative, whilst the other positions yield /3-derivatives. 
It will be found that 10 di- and 14 tri-derivatives are possible ; all the mono-, di-, 
and tri-chloronaphthalenes are known and orientated, so that the orientation of a 
new derivative maybe settled by its conversion into one of these. 

The general expression for the naphthalene hydrocarbons would be C„H2„-i2. 
Examples of members of the homologous series are methyl-naphthalenes, CioH/CHj, 
and ethyl-naphthalenes, CijHj'CjHj. These are liquid even at low temperatures, and 
are constituents of coal-tar. 

OTT 

Ethene-naphthalene, or acenaphthene, C,oHj <• -, which is found in small 

CHj 

quantity in coal-tar, has been obtained by passing vapour of ethyl-naphthalene 
through a red-hot tube, when hydrogen is separated. A mixture of benzene 
vapour and ethene will also yield it in a similar way. It forms colourless 
prisms which fuse at 95° 0 . and boil at 277°. It is sparingly soluble in cold 
alcohol. 

CH 

Acetylene-naphthalene, C,„H„ is obtained as a fusible solid (92° 0 .) by 

passing vapour of acenaphthene over red-hot lead oxide, which removes H„. , 

Dinaphthjl, C,oH/C,oH,, is produced when vapour of naphthalene is passed 
through a red-hot tube; 2C,5HB=C;pH„-bH2. It is also formed by the oxidising 



ANTHEAOENE. 


537 


action of MnO„ with H^SO^ on naphthalene, and by decomposing bromo-naphtha- 
lene with sodium. It forms scaly crystals, m. p. 154° C. • 

The naphthalenes behave in a rather characteristic way with pic_ric_ acid. If 
they be dissolved in hot alcohol and mixed with a hot solution of picric acid in 
alcohol, stellate tufts of yellow or red needles are deposited on cooling. These 
consist of a compound of single rholecules of the naphthalene and picric acid. 

331. Anthracene, is found among the last products of the 

distillation of coal-tar (especially from Newcastle coal), and may he 
distinguished from naphthalene by its being almost insoluble in alcohol 
and' fusing only at 213° C. It crystallises in colourless tables having 
a blue fluorescence, and boils above 350“ 0 . That fraction of the coal- 
tar distillate which comes over at about 360° C. solidifies on cooling to 
a mass of crude anthracene. It is freed from liquid hydrocarbons by 
pressure, washed with carbon disulphide, and pmified by crystallisation 
from hot benzene, or by sublimation as for naphthalene. Commercial 
anthracene is employed for the manufacture of alizarin. 

• - Anthracene is formed when vapour of toluene is passed through a red-hot 
tube containing pumice-stone to expose a large heated surface ; 20,Hg= 


Lead oxide, by oxidising the H, effects the change at a lower 


temperature. It absorbs chlorine, forming crystals of anthracene dichloride, 
ChHjdCIj, and chloranthracene, CuHgCl. 'With nitric acid, anthracene behaves in a 
different way from benzene and naphthalene, showing less disposition to the 
formation of nitro -compounds. "When heated with nitric acid it undergoes 
oxidation and is converted into a yellow crystalline body called anthraquinone, 
or { 0 „Hfl,(C 0 )„. 

Constitution of anthracene. — From the fact that anthracene can be obtained 
synthetically from benzene and tetrabromethane in the presence of ALCh, it is 
•concluded that this hydrocarbon has a consititution represented by the" formula 

The C0H4 groups constitute two benzene rings, whilst the central carbon atoms 
may be regarded as the residue of a third ring which has two carbon atoms in 
•common with each of the other rings. By treatment with hydrogenising agents 
(hydriodic acid, for example) the para-union between the central carbon atoms may 

be opened up and anthracene dihydride, formed. Support is 

lent to this formula for anthracene by the synthesis of anthraquinone (q.v.). 

The orientation of anthracene-substitution products is expressed similarly to 
that of naphthalene derivatives. Three mono-substitution products are possible — 
viz., the a- and | 3 - like the a- and / 3 -naphthalene derivatives, and the 7- or meso-deri- 
vatives, which contain a substituent in place of the H of one of the central carbon- 
atoms. 

Paranthracene, isomeric or- polymeric with anthracene, is deposited in crys- 
talline plates when a cold saturated solution of anthracene in benzene is exposed 
to sunshine. It does not fuse until heated to 244° C,* when it is converted into 
anthracene. Bromine and nitric acid do not act upon it. 

Phenanthrene, C„H,„, is isomeric with anthracene, which it accompanies in coal- 
tar. It is more soluble in petroleum spirit and in alcohol than is anthracene ; 
the former solvent serves to separate it from the bulk of the crude anthracene’ 
the separation being finished by fractional distillation. It is used for making 
blacks. It melts at 103° C., and boils at 340° C. 

Phenanthrene is formed when stilbene or orthoditolyl is passed through a red- 
hot tube ; since stilbene is known to contain ethylenic linked carbon (p. 535), 
and ditolyl to be a diphenyl derivative, it is concluded that phenanthrene has’ 
C H *CH 

the constitution . which is confirmed by the fact that its oxidation 

yields di^hcmc acid, 

* It has recently been said to melt at 272-274° C., to have the molecular formula 
(CnHjo);, and to be easily hrominated. 
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Ectene, CjgHjg, is a viethylisojpropylphenantlirene found in wood-tar. _ Pyrene,' 
CigH,,,, and chrysene (wliicli is similarly constituted to phenanthrene, with CjjHg 
substituted for one group), are final products from coal-tar distillation. 

Pyrene, together with phenanthrene and Jluoranthrene, CjjHij, occur in “ stubb” 
or “stupp,” the unctuous matter which distils over during the winning of 
mercury from Idrian ores. 

332. Terpens Hydrocarbons. — Oil of turpentine, is obtained 

by distilling tbe viscous exudation procured by cutting into tbe bark 
of various species of pine. Several varieties of turpentine are met 
■witli in commerce, of which the two best known are the common 
turpentine which is obtained fi'om the Scotch fii’, and Tenice 'tiu’- 
pentine from the larch. These are both solutions of colophony, of 
common rosin, in oil of turpentine, and, when distilled, yield from 75 
to 90 per cent, of rosin, which remains in the still, and from 25 to 10 
per cent, of the oil, commonly sold as spnrits of turpentine. 

The oil of turpentine boils at 158° — 160° C., and has the sp. gr. 0.864. 
It is very sparingly soluble in water, but dissolves in alcohol and ether. 
It burns with a smoky luminous flame. Its property of dissolving resins 
and fats renders it useful in preparing paints and varnishes. It is also 
a good solvent for caoutchouc. 

Oil of turpentine is the representative of a large class of hydro- 
carbons called the terpenes, derived like itself from the vegetable king- 
dom. All the members of this group contain the same proportions ' of 
carbon and hydrogen, and the greater number have the same molecular 
formula as turpentine, Cj^Hj^. The terpenes resemble each other in 
their liability to suffer conversion into isomeiides, in their solidification 
by absorption of oxygen when exposed to air, in their combination with 
water to form crystalline hydrates, and, above all, in their tendency to 
combine mth hydrochloric acid to form crystalline compounds. 

The essential oils of hergamotte, birch, chamomile, caraway, hops, juniper, 
lemons, myrtle, nutmeg, orange, piarsley, p)epper, savin, thyme, tolu, and 
valerian are all terpenes (for the most part mixtures of terpenes) of the 
formula C^^Hjg, and are generally accompanied in the natural oil by the 
product of its oxidation, bearing a relation to the hydrocarbon similar 
to that which colophony, bears to turpentine. Essential oil 

of poplar, is a cli-terpene, OjgHgj. 

The oils of calamus, cascarilla, cloves, cuhehs, patchouli, cedar, and rose- 
xoood are sesqui-terpenes, 

The essential oils are generally extracted from the flowers, fruit, 
leaves, or seeds, by distillation with water, the portion of the plant 
selected being suspended in the still by means of a bag or cage, to 
prevent it from being scorched by contact with the hot sides of the 
still, and so contaminating the distillate with empyreumatic matters. 
The water which distils over always holds a little of the essential oil in 
solution, and it is in this way that the fragrant distilled waters of the 
druggist are obtained. When the essential oil is present in large pro- 
portion, it collects as a separate layer on the surface of the water, from 
which it is easily decanted. The oil which is dissolved in the water may 
be separated from it by saturating the liquid with common salt, when 
the oil rises to the surface ; or by shaking it with ether, which dissolves 
the oil and separates from the water, the ethereal solution floating on 
the surface, and learfng the oil when the ether is distilled off. 
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In cases like that of jasmine, where the delicate perfume of the flower 
would be injured by a high temperature, the flowers are pressed between 
woollen cloths saturated with oil of poppy-seeds, which thus acquires a 
powerful odour of the flower. Carbon disulphide is also sometimes 
employed as a solvent for extracting the essential oUs. 

Oil of 2yeppermint contains menthene, (and menthol, C^qH^qO). 

333. The terpenes are all polymerides of the formula CgHg. A hydrocarbon 
having this molecular formula and belonging to the diolefines (p. 522) is called 
isoprene, and appears to have the constitution CH, : C(CH3VCH : CH, ; many 
terpenes yield isoprene {Jiemiterpene) when heated, and isoprene polymerises to 
terpenes. 

Many of the terpenes yield i : 4-benzene dicarboxylic acid (terephthalic acid) 
when oxidised, thus indicating that they contain a benzene nucleus, which pro- 
bably contains two alkyl groups in the i : 4-positions. Moreover, when dehydro- 
genised they yield cymene, as, for instance, when oil of turpentine is heated with 
iodine ; cymene is i : 4-methylisopropyl benzene (p. 533), and, therefore, contains 
two H atoms fewer than the true terpenes contain. The conclusion is drawn 
from these facts that the terpenes are isomeric modifications of cymene dihydride, 
H„ ; 0511^(0113) '011(0113)2 ; it is further supported by the discovery that a cymene 
dihydride, which has been synthetically prepared, has all the properties of a 
terpene. Much discussion concerning the occurrence of ethylenic linking in the 
benzene-nucleus of the terpenes has taken place ; some of the terpenes are 
capable of combining directly with two atoms of Br, indicating the presence of 
one ethylenic linking in the benzene-nucleus, the remaining affinities of the 
carbon being probably disposed of as para-linkings ; whilst others combine directly 
with four atoms of Br and thus appear to possess two ethylenic linkings. Most 
of them combine with NOCl to form compounds OjjHjg'NOCl. 

The majority of the terpenes are optically active — i.e., they rotate the plane 
of polarisation of light — and most of them exist in two modifications, the 
one being dextro- and the other Isevo-rotatory. They boil at about the same 
temperature, so that their separation by fractional distillation is not possible, 
and fractional crystallisation of some of their compounds is the only available 
method of purifying them. 

The true terpenes are classified* into : (i) 'Those which combine with only one 
molecule of halogen hydride (unless this treatment convert them i^nto isomerides) : 
jnnene, camjdiene, fencliene. (2) Those which combine with two molecules of 
halogen hydride : limonene, dipentene, sylveslrine, terpinolene. (3) Those which 
combine with nitrous acid ; terpinene, phellandrene. 

Pincne exists in a dextro- and Ifevo-rotatory form. Dextrojnnene or australene 
is the chief constituent of American and English oil of turpentine, whilst Iccvo- 
pinenc or terebenthene constitutes the French oil. These two pinenes must be 
classed as stereo-isoraeiides, since in all save their optical properties they are 
identical. An inactive pinene has been prepared. When pinene (i.e., oil of 
turpentine) is heated at 250° C. in a sealed tube it is converted into dipentene 
and a diterpene, meta-terebenthene, b. p. 260° C. 

When HCl is passed into oil of turpentine, well cooled, the pinene is converted 
intop!)!c)?e hydrochloride, CuH, 5' HCl, which resembles camphor both in its crystals 
and its odour (ariijicial camphor) ■ it melts at 125° C. and boils at 208° 0 . When 
heated with a feeble alkali it loses HCl- and becomes camphenc, which melts at 
50° C., and also occurs in a dextro- and Irevo-modification. 

When oil of turpentine containing water is left in contact with alcohol and 
nitric acid, it yields crystals oiferpin hydrate, C,„H,5(0H)„'H„0, which dissolve in 
boiling water, and melt at 116° C., becoming anhvdrous terpih, C,„H,g(OH)„, which 
sublimes. 'When boiled with H^SO^, this yields terpineol, C,oH,-'OH, which smells 
like the hyacinth, and boils at 215° C. 

By exposure to air, turpentine is slowly solidified, absorbing oxygen, and form- 
ing resinous bodies. Among these is a small quantity of camphoric peroxide, 
CioH„0,, which is decomposed by water, yielding camphoric acid and hydrogen per- 
oxide ; C,3H„04-f2Hj0j=C,„H,504-fH202. This explains the observation that old 
oil of turpentine exhibits many of the reactions of hydrogen peroxide. Bypassing 
air and steam through oil of turpentine, a j)owerf ully oxidising solution containing 

* ByBeratbsen. 
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hydrogen peroxide is obtained, and is employed for disinfecting purposes under the 
name of Banitas. It is worthy of remark that the leaves of the Eucalyphts globulus 
(gum-tree of Australia), so much esteemed for its sanitary influence, yield an oil 
similar to oil of turpentine, which becomes brown and resinous when exposed to 
air. 

Fenchene is obtained from oil of fennel ; it is inactive, boils at 158° C., and re- 
sists the action of nitric acid. 

Limonene exists in two modifications. Fextrolimonene has been called citrene, 
liesperidene, and carvene; it constitutes the oil of orange-peel, and occurs with 
pinene in oil of citron ; it boils at 175°, and has a sp. gr. of 0.846. Lcevolimonene 
has the same properties, and occurs with lasvo-pinene m “ oil of fir-woo^’ IVhen 
equal volumes of the two limonenes are mixed inactive limonene, or dipentenc, is 
produced ; this has been called cinene, and occurs with sylvestrene in Kussian ^ 
and Swedish turpentine ; it boils at 176° C., occurs in two modifications, and is 
converted by acids into terpinene. 

Sylvestrene (b. p. 175° C.) has been obtained only in a dextro-form ; it is a very 
stable terpene, and is characterised by giving a blue colour with acetic anhydride 
and H„SO^. 

Terpinene and terpinolene are optically inactive ; the former anApliellandrene are 
solids, melting at 155° 0 . and 102° C. respectively. 

334. Caoutchouc, or india-rubber, may be classed among the terpene 
hydrocarbons, its chief constituent (a so-called polyprene) having the 
empirical formula O^Hg, but a molecular formula (O^IIg),,. It is 
procured from a milky exudation furnished by several tropical plants, 
particularly by the Hccvoea guianoms and Jairoplm or Siphohia elastica. 
Incisions are made in these trees, and the milky liquid thus obtained 
is spread upon a clay bottle-shaped mould, which is then suspended 
over a fire ; a layer of caoutchouc is thus deposited, and its thickness 
is afterwards increased by repeated applications of the milky liquid, 
the mould being eventually broken out of the caoutchouc bottle thus 
formed. The dark colour of commercial india-rubber is believed to 
be due to the smoke from the fire over which it is dried, for pure 
caoutchouc is white, and may be obtained by dissolving india-rubber 
in chloroform, and precipitating with alcohol • the precipitate forms 
a gummy mass when dried. Commercial india-rubber contains a small 
quantity of albumin, derived from the original milky liquid, this 
being really a solution of albumin holding in suspension about 30 per 
cent, of caoutchouc, which rises to the surface like cream when the 
juice is mixed with water and allowed to stand, becoming coherent and 
elastic when exposed to air. It will be remembered that many of the 
chief uses of caoutchouc depend upon its physical rather than upon its 
chemical properties, its lightness (sp. gr. 0-93) and impermeability to 
water adapting it for waterproof clothing, life-buoys, &c., while its re- 
markable elasticity gives rise to a still greater variety of applications. 

Eor the manufacture of waterproof cloth caoutchouc is dissolved in rectified 
turpentine, and the solution is spread, in a viscid state, over the surfaces of two 
pieces of cloth of the same size, which are then laid face to face and passed 
between rollers, the pressure of which causes perfect adhesion between the sur- 
faces. 

Waterproof felt is made by matting together fibres of cotton impregnated with 
a solution of caoutchouc in naphtha, and passing the felt between rollers, When 
kept for a long time, its strength and waterproof qualities are deteriorated, in 
consequence of the oxidation of the caoutchouc, which is thus converted into a 
resinous substance resembling shell-lac and easily dissolved by alcohol. 

Caoutchouc is slowly dissolved by carbon disulphide, benzene, chloroform, coal- 
naphtha, petroleum, turpentine, and the fixed oils. 

Marine glue is a solution of caoutchouc with a little shell-lac in coal-naphtha. 



GUTTA-PERCHA. 


•541 

The alkalies and diluted acids are -without action on caoutchouc. When gently- 
warmed, it becomes far more soft, pliable, and extensible ; it fuses at about 
250° F. (121° C.) to an oily liquid, which becomes viscid on cooling, but will not 
solidify, and is useful for lubricating stop-cocks. When further heated in air, it 
burns -with a bright smoky flame. Heated in a retort, caoutchouc is decomposed 
into several hydrocarbons, one of which, isoprene, C.Hg, boils at 37° C., and 
another, caoMtc/ie?ie, G,„H,g,boils at 171° C.; they are good solvents for caoutchouc. 
Caoutchene forms a crystalline compound with water, C,oH,p,H„ 0 , which may also 
be obtained by boiling terpin with very dilute sulphuric acid, and distilling with 
water. 

Vulcanised rubber is produced by incorporating india-rubber with 2 or 3 P^r 
cent, of sulphur, which not only greatly increases its elasticity, but prevents it 
from cohering underpressure, and from adhering to other surfaces unless strongly 
heated. It also becomes insoluble in turpentine and naphtha. Ordinary vul- 
canised rubber generally contains more sulphur than is stated above, which causes 
it to become brittle after a time ; for some purposes, such as the manufacture of 
overshoes, other substances are added besides sulphur, such as lead carbonate and 
zinc oxide. Stoppers made of vulcanised rubber are now often used instead of 
corks in making apparatus in the laboratory, being far more easily made air- 
tight ; they may be perforated to receive tubes, with a sharp brass cork-borer 
moistened with alcohol, a very small hole easily stretching to receive a large tube. 
Boiling alcohol extracts sulphur from them. 

When a sheet of caoutchouc is allowed to remain for some time in fused sulphur 
at 120° C., it absorbs 12 or 15 per cent, without any material alteration, but if it 
be heated for a short time to 150° C. it becomes vulcanised ; and when still further 
heated, is converted into the black horny substance called vulcanite or ebonite, and 
used for the manufacture of combs, &c., and as an electrical insulator. 

Vulcanised caoutchouc is sometimes made by mechanically incorporating the 
sulphur with india-rubber softened by heat ; or by immersing the rubber in a 
mixture of sulphur with chloride of lime, or in carbon disulphide -mixed -with 
2.5 per cent, of S.^Ch. It can also be made by dissolving the sulphur in turpen- 
tine, which is afterwards used to dissolve the caoutchouc ; when the turpentine 
has evaporated, a mixture of caoutchouc and sulphur is left, which may be easily 
moulded into any required shape, and afterwards vulcanised by exposure to high- 
pressure steam having a temperature of about 140° C. 

By treating vulcanised caoutchouc with sodium sulphite, the excess of sulphur 
above 2 or 3 per cent, may be dissolved out. The whole of the sulphur may be 
removed, and the caoutchouc de-vulcanised, by boiling -with a 10 per cent, solution 
of caustic soda. 

The chemical constitution of vulcanised rubber is not yet understood ; it has 
been suggested that the sulphur has been substituted for a portion of the hydrogen, 
but it does not seem improbable that the caoutchouc has combined directly. with 
sulphur. 

Caoutchouc is by no means rare in the vegetable world, being found in the 
milky juices of the ppppy (and thence in the opium), of the lettuce, and of the 
cujpliorbium and asdepia families. 

Ghttta-2Krclia (empirical formula OjHg), like caoutckouc, is originally 
a milky exudation from incisions made into the wood of the Isonandra 
perclia, a native of the Eastern Archipelago. This juice soon solidifies, 
when exposed to air, to a brown mass heavier than caoutchouc (sp. gr, 
0.98) and difiering widely from it by being tough and inelastic when 
cold, and becoming quite soft and plastic when heated nearly to the 
boiling-point of wmter. Being impervious to water, it is employed as a 
waterproof material and for water-pipes, and its want of conducting 
power for electricity is turned to account in the coating of wires for the 
electric telegraph. 

Gutta-percha is dissolved by those substances which dissolve caout- 
chouc. It is not afiected by diluted acids and alkalies, and is used for 
keepmg hydrofluoric acid. It melts easily, and is afterwards decom- 
posed, yielding products similar to those from caoutchouc. 



CAMPHOES— BALSAMS. 


542 

Commercial gutta-percha contains only about 80 per cent._ of the hydrocarbon, 
■which may be dissolved out by boiling with ether ; the solution, when evaporated, 
leaves the hydrocarbon as a white powder fusing at 100° 0 . The portion insoluble 
in ether contains two resinons bodies solnble in boiling alcohol, which deposits, 
on cooling a white crystalline resin, of the empirical formula C,„H,„ 0 , and retains 
in solution an amorphous resin, The existence of these bodies renders 

it probable that gutta-percha is CLgllg^, the crystalline resin heing CogHgoOg* This 
would make gutta-percha a polym’eride of turpentine. Exposure to air gradually 
converts pure gutta-percha into these resinons bodies unless light is excluded. 

335. Camphoks. — Closfely allied to the essential oils are the different 
varieties of camphor, which appear to be formed by the oxidation of 
hydrocarbons contained in the essential oils. 

Japan or common camphor (OjoHjgO) is found deposited in minute 
crystals in the wood of the Latm'us mmphora, or camphor laurel, from 
which it is obtained by chopping up the branches and distilling them 
with water in a still, the head of which is filled with straw, upon which 
the camphor condenses. It is purified by subliming it in large glass 
vessels containing a little lime. 

Camphor passes into vapour easily at the ordinary temperature of 
the air, and is deposited in brilliant octahedral crystals upon the sides 
of the bottles in which it is preserved. It fuses at 347° F. (175° C!-)> 
and boils at 399° F. (204° C.), and is very inflammable, burning -with a 
bright smoky flame. It is sometimes dissolved in the oil used for the 
lamps of magic-lanterns, to increase its iUuminating power. Camphor 
is lighter than water (sp. gr. 0.985), and whirls about upon its surface 
in a remarkable way, dissolving meanwhile very sparingly (1 part in 
1000), alcohol and ether being its appropriate solvents. 

When distilled with PgO,, Japan camphor loses a molecule of water, and yields cy- 
mene (p. 533)- This and some other of its reactions lead to the conclusion that it is a 
tetra-hydrideof cymene in which two of the added Hatoms have been replaced by 0; 
vQ H *C 0 \ 

C'CHg. By oxidation with nitric acid, it yields camphoric 

acid, 

Borneo camphor, C,„H,gO, is obtained from the exudation of the Drydbalanops 
camphora. It is neither so fusible nor so volatile as common camphor (m. p. ig8° 
0 ., b. p. 212° C.), and emits quite a different odour ; it also crystallises in prisms 
instead of octahedra. When an alcoholic solution of common camphor is treated 
with sodium {to evolve H from the alcohol), it yields Borneo camphor, and, con- 
versely, when this is oxidized with HNO3 it yields common camphor. It is there- 
fore concluded that Borneo camphor is an alcohol {horneol) corresponding with the 

ketone, common camphor, ^ C'CHg. This is confirmed 

by the fact that hornyl chloride, C,„H,,C 1 , has been prepared from Borneo camphor. 

Gineol, C,oH]gO, is the chief constituent of eucalyptus oil. It melts at - 1° C., 
and boils at 176° C. It is one of the products of the action of sulphuric acid on 
oil of turpentine. 

Menthol, CpHjgOH, is probably cymene hydroxyhexahydride, and is the chief con- 
stituent of oil ot peppermint. It melts at 42° C., and boils at 213° C. 

336. Balsams. — The vegetable exudations known as balsams are 
mixtures of essential oils mth resins and acids probably produced by 
the oxidation of the oils. 

Balsam of Peim contains an oily substance termed cinncmHn 
a crystalline body, siyracin (C^HgO), a crystalline volatile 
acid, the cinnamic (CgllgOj), and a peculiar resin. 

Balsam of Tolu also contains cinnamic acid and styracin, together 
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with certain resins, which appear to have been formed by the oxidation 
of styracin. 

Stm'ttx, also a balsamic exudation, contains the same substances, ac- 
companied by cinnaTnene. 

237. Resixs. — Colophony is the best known member of the class of 
resins which are generally distinguished by their resinous appearance, 
fusibility, inflammability, burning with a smoky flame, insolubility in 
water, and solubility in alcohol. 

As to their chemical composition, they are all rich in carbon and 
hydrogen, containing generally a small proportion of oxygen, and appear 
to have been formed, like colophony, by the oxidation of a hydrocarbon 
analogous to turpentine. 

Most of the resins also resemble colophony in their acid characters, 
their alcoholic solutions reddening blue Htmus-paper, and the resins 
themselves being soluble in the alkalies. This is the case with sandaracli 
and guaiamm resin, the former of which contains three, and the latter 
' two, resinous acids. 

Copal appears to contain several resins, some neutral and some acid, 
and is distinguished by its difficult solubility in alcohol, in which it can 
be dissolved only after long exposure to the vapour of the solvent ; but 
if it be exposed to the air for some time, at a moderately high tempera- 
ture, it absorbs oxygen, and becomes far more easily soluble. Copal is 
readily dissolved by acetone. Animi and elemi resins are somewhat 
similar in properties to copal. All these resins are used in the manu- 
facture of varnishes. 

Guaiacum resin is distinguished by its tendency to become blue under 
the influence of the more refrangible and chemically active (violet) rays 
of the solar spectrum, as well as under that of certain oxidising agents, 
such as chlorine and ozone. 

Aniber, a fossil resinous substance, more nearly resembles this class of 
bodies than any other, and contains several resinous bodies. It is distin- 
guished by its insolubility, for alcohol dissolves only about one-eighth 
and ether about one-tenth, of it. After fusion, however, it becomes 
soluble in alcohol, and is used in this state for the preparation of 
varnishes. 

Varnishes are prepared by dissolving resins in alcohol, or wood-spirit, 
or acetone, a little turpentine or some fixed oil being added to prevent 
the resin from cracking when the solvent has evaporated. In order to 
pi’omote the solution of the resin, it is usually powdered before being 
treated with the solvent, and mixed with coarsely powdered glass to 
prevent it from becoming lumpy. 

DERIVATIVES OF HYDROCARBONS. 

337®- been already indicated, all carbon compounds may be 

considered as derivatives of the hydrocarbons, containing one or more 
elementary atoms or compound radicles in place of hydrogen, and in 
every compound there will be a characteristic hydrocarbon radicle, 
which will be monovalent, divalent or trivalent according as it repre- 
sents the removal of one, two, or three hydrogen-atoms from a saturated 
hydrocarbon. Typical hydrocarbon radicles are (CEL)', (C,H and 

/i-t -r-r \ttr 



544 


ALCOHOLS. • 


I. ALCOHOLS. 

338. These compounds are comparable with the metallic hydroxides, 
for they contain one or more (OH)' groups, and react with acids to 
form salts containing hydrocarbon radicles, eliminating water. Thus, 
the reaction C^Hg- OH + H^SO^ = O^H.HSO^ + HOH is comparable with 
the reaction 2Sra0H + H2S04 = HaHS 0 ^ + H 0 H. Just as a divalent 
or a trivalent metal will form a hydroxide containing two or three 
hydroxyl groups, so a divalent or trivalent radicle will form an alcohol 
containing two or three such groups, e.g., 02H4(0H)2, 03Hg(0H)3. 
Hence alcohols are classified into monohydric, dihydric, trihydrio, &c. 
(monatomic, diatomic, triatomic, &c.) 

Alcohols have a slightly basic tendency. They easily undergo 
oxidation, which results in the removal of hydrogen with or without 
the introduction of an equivalent quantity of oxygen. The products 
are the aldehydes (or ketones) and acids. 

Monohydric alcohols of the paraffin series. — These result from 
the replacement of one H atom in a paraffin hydrocarbon by OH ; 
consequently there is an homologous series of these alcohols corre- 
sponding with the homologous series of hydrocarbons, CH^ yielding 
OHj'OH, CjHg yielding OjHj'OH, C3H3 yielding CgH/OH and so on. 
Thus, there is a general formula, 0„Ho„4.i0H, for this series of 
alcohols. The substance originally called alcohol will be considered 
first. 

Alcohol, OjHg’OH, is systematically termed ethyl alcohol. It has 
been already stated that it can be obtained synthetically by combining 
C and H to form acetylene, OjHg, which may be converted into ethene, 
CjH^, by nascent hydrogen ; ethene can be combined with sulphuric 
acid to form ethyl hydrogen sulphate, OjHg’HSO^, from which alcohol 
may be made by distillation with water. Or may be combined 

with HI to obtain ethyl iodide, O^Hgl, which, when distilled with 
caustic potash, yields alcohol, C,HgI -1- KOH = O^Hg- OH q- KI. The fact 
that ethyl iodide (moniodoethane), CHj* OH,! will give alcohol in this 
reaction justifies the formula OHg' CH,OH for this compound. 

In natui’e, alcohol is found in some unripe fruits. It occurs in -coal- 
tar, in bone-oil, and in the products of distillation of wood. 

Preparation . — Alcohol is usually made by the fermentation of glucose or grape- 
sugar brought about by yeast. For a laboratory experiment, two ounces (or 
60 grammes) of brown sugar may be dissolved in a pint (or 500 c.c.) of water 
in a flask, and about a table-spoonful of brewers’ yeast (or of German yeast 
rubbed up with water) added; in a warm room, fermentation soon begins, as- 
indicated by the froth on the surface, caused by bubbles of CO„. By closing the 
flask with a cork furnished with a tube dipping under water, the rate of fermen- 
tation may be inferred from the escaping gas. When very little more gas is 
disengaged (usually after about 24 hours) the flask is fitted with a tube connected 
with a condenser, and the liquid distilled as long as the distillate smells strongly 
of alcohol. This distillate is then rectified, or submitted to a second distillation 
in a smaller flask or retort, when the first portion which distils over will be much 
richer in alcohol. This is placed in a narrow bottle, and dried potassium car- 
bonate, in powder, is added by degrees, with frequent shaking, as long as the 
liquid dissolves it. On standing, two layers are formed, the lower containing the 
potassium carbonate dissolved in water, and the upper containing the alcohol 
with about 10 per cent, of water. This upper layer is transferred to a small flask 
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or retort, and allowed to remain for some hours in contact with powdered 
quick-lime to remove the water ; the alcohol is then distilled off in a water-bath. 

The mode of action of the yeast in causing the production of alcohol 
from sugar is not yet known. Yeast is a vegetable substance (torula 
or saccharomyces cerevisics) which develops from minute spores or germs 
carried by the air when these come in contact with a liquid containing 
the nutriment necessary for the yeast plant, they multiply into a number 
of round or oval cells arranged in branching chains, visible under the 
microscope (fig. 2 70). It is during this growth 
of the yeast that the conversion of the sugar 
into alcohol takes place. The pure yeast spores 
will not produce alcohol from pure sugar, 
because it does not contain the substances 
required to nourish the yeast; but when 
the spores are introduced into gi'ape-juice, 
or infusion of malt (wort), which contain 
the necessary albuminous matters and phos' 
phates, &c., they grow and cause the forma- 
tion of alcohol. The crop of yeast thus 
raised may be used to ferment fresh portions 
of sugar, and is the more efficacious because, 
when it is removed from the surface of the 
liquid in which it has grown, it is accompanied by some of the nutrient 
materials. "When yeast is added to a solution of cane-sugar it 

causes it to become glucose, by combining with the elements of a molecule 
of water ; OpHjjOjj + H^O = 2CgH,j06. The bulk of the glucose is then 
decomposed into alcohol and carbonic acid gas ; CgHj^Og = 2C3HgO + aOO,. 
About 95 per cent, of the glucose undergoes this change, and 
the remainder is converted into other substances, of which the 
most important are glycerine, C3Hj(OH)3, (about 3 % ) succinic acid, 
C„H^(C03H)„ (about o‘5 % ) and some of the higher members of the 
paraffin alcohols (fusel oil), which are always present in fermented 
alcoholic liquids. The liquid rises in temperature during fermentation, 
on account of the development 'of heat in the formation of carbon 
dioxide. The specific gravity of the solution decreases as the 
fermentation proceeds, because solution of alcohol is lighter than 
solution of sugar. A solution containing more than one- third of its 
weight of sugar is not fermented by yeast, and when the alcohol 
produced in the fermentation amounts to about one-sixth of the weight 
of the liquid, the growth of the yeast, and therefore the fermentation, 
is arrested. No fermented liquor, therefore, can contain so much as 
20 per cent, of alcohol; port wine, the strongest fermented drink, 
contains at most 1 7 per cent. The yeast does not grow, and ferment- 
ation does. not take place, at temperatures below 0° O. (32° F.) or above 
35° (95° ^•)j 25-30° C. being most favourable. The fermentation is 

also arrested by strong acids, and by antiseptics such as common salt, 
kreasote, corrosive sublimate, sulphurous acid, and turpentine. Air 
is not essential to the fermentation, but favours it. In sweet wort 
(infusion of malt) the yeast increases to six or eight times its original 
weight. 

Oa the large scale, alcohol is usually made from the starch contained in 
potatoes, rice, and other grains. The starch, CgH,oOj, is first converted either 
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into glucose, by heating it with very diluted sulphuric acid (afterwards neutralised 
with chalk) — when it combines with a molecule of water and becomes glucose, 
C^HioOs— or into maltose, by mixing it with infusion of malt ; the 

glucose, or maltose, is fermented by yeast. The wash, as it is termed, is then 
distilled, the stills being constructed with much ingenuity, to effect the concen- 
tration of the alcohol at the least expense. 

Even woody fibre, paper, linen, &c., which have the same empirical formula as 
starch, may be converted into glucose by the action of sulphuric acid, and may 
thus be made to yield alcohol. New bread, made with yeast, contains about 
0.3 per cent, of alcohol, and stale bread about 0.12. 

339. Properties of alcohol. — Characteristic odour and burning taste; 
sp. gr. of pure or absolute alcohol 0.794 at 15° C. Freezes at — 1 30°.5 0 . ; 
boiling point 7 8°. 3 0. ; takes fire when a flame is brought- near its 
surface, and burns -with a pale, smokeless flame. Evapo- 

a rates easily when exposed to the air, -without combining with 
oxygen. Kept in a badly stoppered bottle, it absorbs water 
from the air. Alcohol may be mixed with water in all pro- 
portions, evol-dng a little heat, and gi-ving a mixture rather 
smaller in bulk than the sum of its constituents. This may 
be shown by filling the vessel (fig. 271) with water up to the 
neck joining the two globes, carefully filling the upper globe 
to the brim with (methylated) alcohol, inserting the stopper, 
and inverting the vessel, when the contraction of the mixture 
will leave a vacuum in the tube, into which the dissolved 
air from the water will discharge itself in numerous large 
bubbles. The greatest contraction occurs when the volumes 
of alcohol and water are nearly equal (at 0° C., 53.9 measures 
of alcohol to 49.8 of water, or one molecule of alcohol to three 
Fig 271 molecules of water). The attraction of alcohol for water 
.* afibrds one reason for its power of preser-ving animal and 
'vegetable substances from putrefaction by removing the water neces- 
sary for that change. 

By oxidation alcohol is converted first into aldehyde, OHj* CHO, and 
then into acetic acid, OHj' OOOH. 

Next to water, alcohol is the most valuable simple solvent. It is especially 
useful for dissol-ving resins and alkaloids which are insoluble in water. Many 
salts are capable of combining with alcohol, just as they do -with water of crystal- 
lisation ; examples of such alcoholates, as they are termed, are — 

LiC1.40„H,0; CaCl,4C„H„0; MgCV6C,H,0 ; MgCNO^VeC^H^O. 
Eihoxides or ethylates are compounds formed by the replacement of hydrogen 
in alcohol by metals ; they correspond -with the hydroxides, C„Hj replacing H ; 
e.g., sodium ethoxide, CoHj.ONa, aluminium ethoxide, (0-Tf^n \AI, . Sodium 
ethoxide is used in surgery as a caustic. Water decomposes the ’ethoxides, 
yielding alcohol and hydroxides ; C^H^ONa + HOH = CoHjOH -)- NaOH. 

Barium ethoxide (C„H 50 )„Ba, is obtained by the action of anhydrous baryta on 
absolute alcohol. A trace of water precipitates barium hydroxide from the solu- 
tion. On heating the alcoholic solution, the barium ethoxide precipitates, being 
less soluble in hot alcohol. 

Aluminium ethoxide, (0„Hg0)sAl„, is produced by heating aluminium in alcohol 
with a little iodine. Probably, is first produced, which is decomposed by 
the alcohol, forming aluminium ethoxide and hydrogen iodide ; the latter, with the 
excess of Al, evolves H and forms more ALI^, which decomposes a fresh portion 
of alcohol, and thus a small quantity of the iodine carries on a continuous action. 

Thallium ethoxide, CJIfiTl, is a liquid remarkable for its high specific gravity 
( 3 . 6 S) and great refractive and dispersive action upon light. 

The simplest chemical test for alcohol is to add to the suspected liquid hydro- 
chloric acid and enough potassium dichromate to colour it orange-yellow, to 
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divide it between two test-tubes for comparison, and to heat one of them till 
the liquid boils ; if alcohol be present, the liquid will become green, and evolve 
the peculiar fragrant smell of aldehyde — 

aCrOs-b 6HC1 + sC^HgO = CrXl,, Oree?0 + 6H„0 -t- 3C„H,0. 

A much more delicate test is to gently warm the liquid to be tested, to add a 
little solid iodine, and then, very carefully, weak potash till the liquid is just 
bleached. On stirring with a glass rod, a pale yellow crystalline precipitate of 
iodoform is deposited, and its odour, resembling that of saffron, is perceived ; 
CjHoO + 6KOH -r Ig = CHI3 (iodoform) -f KCOjH {potassium formate) -1- 5III -b SH„0. 

Alcohol may also be recognised by the production of acetic acid when its vapour 
is mixed with air and exposed to the action of platinum-black, which acts by 
favouring oxidation ; CgH^O + 0 „— GMfi., {acetic acid) -b H^O. If a small beaker 
be wetted with alcohol and inverted" over a watch-glass containing a few grains 
of platinum black, the liquid will soon become acid to litmus. 

In contact with air and heated platinum, alcohol yields much aldehyde, as well 
as acetic acid (see Lamp loithout flame, page 465). 

340. The usual method of determining the strength of alcohol is to 
take its specific gravity by measuring a few cubic centimetres of it into 
a light stoppered bottle, the weight of which has been ascertained. The 
Aveight of I c.c. of the alcohol in grammes will be its specific gravity, 
very nearly. Rectified spirit has the sp. gr. 0.838, and contains 84 per 
cent, by weight of alcohol; proof spirit (spiritus tenuior) hassp. gr. 0.92, 
and contains only 49 per cent, by weight of alcohol ; this is the weakest 
spirit Avhich will ansAver to the old rough proof of firing gunpoAvder .Avhich 
has been moistened Avith it and kindled. Any spirit Aveaker than this 
leaves the poAvder tpo wet to explode, and is said to be below proof, Avhilst 
a stronger spirit is termed over proof. 

A spirit of 30 per cent, (or degrees), for example, over proof, is one Avhich 
requires too measures of it to be diluted Avith Avater to 130 measures, in 
order to reduce it to the strength of proof spirit, A spirit of 30 per 
cent, below proof contains, in every 100 measures, 70 measures of proof 
spirit. Some confusion occasionally ax’ises, in commerce, from the 
practice of calling the percentage of i^roof spirit, in a Aveak spirit, the 
percentage of alcoJwl, Avhich amounts to only about half the percentage 
of proof spirit. Ordinary alcoholic liquids must be distilled before their 
alcoholic strength can be ascertained by specific gravity, on account of 
the presence of sugar, colouring matter, &c. 

A measm’ed quantity of the liquid is rendered slightly alkaline Avith 
sodium carbonate, to retain volatile acids, and distilled in a flask or 
retort connected Avith a good condenser, as long as the distillate contains 
alcohol ; usually one-third of the bulk may be distilled over for Avines, 
and more for sphits. The volume of the distillate is then made equal 
to that of the liquid before distillation, by adding Avater, and the specific 
gi-aAuty is determined and compared Avith a Table of alcoholic strengths, 
Avhich has been prepared by ascertaining the sp. gr. of alcohol of various 
strengths. Since the A’^olume of the Aveak spirit obtained is the same as 
that of the ox'iginal liquid, the pex’centage of alcohol indicated by the 
Table Avill be that present in the liquid xmder examination. 

The weakest fermented alcoholic liquor is porter, which contains about 4 per 
cent, by weijjht of alcohol; the strongest is port, which contains about 17 per 
cent. Distilled spirits A'ary greatly in strength, 50 per cent, of alcohol being 
about the averacje, though pome samples contain 70 per cent. 

Mctlnilatfd spirit is a mixture of 90 parts by weight of rectified spirit with 
10 parts oi purified wood-spirit added to it by the Excise in order to prevent its 
use for drinking. It may be distinguished by its odour, and by becoming red- 
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brown with strong sulphnric acid. Since wood spirit has proved an insufficient 
deterrent, § % by vol. of mineral naphtha (sp. gr. o‘8) is now also added ; its pre- 
sence may be recognised by the spirit becoming turbid when mixed with water. 

When vapour of alcohol is passed through a red-hot tube, it is decomposed 
into a large number of products, among which are naphthalene, benzene, phenol, 
aldehyde, acetic acid, acetylene, ethene, marsh gas, carbonic oxide, and hydrogen. 
A mixture of one molecular weight of alcohol (46) and four molecular weights of 
water (72) crystallises at - 34° C. When a weak spirit is cooled, ice separates 
out until the compound C2Hs0.4H„0 is left as the unfrozen liquid, and when the 
temperature reaches - 34° it remains constant till the whole has solidified. 

341! The principal members of the class of monoJiydric alcohols derived 
. from the hydrocarbons of the paraf&n series, at present known, are shown 
in the following table : — 


Monohydric alcohols, 0„Il2„+i'0H. 


Chemical Name. 

Source. 

Formula. 

Boiling Point.* 

1. Methyl alcohol 

2. Ethyl „ 

3. Propyl 

4. Butyl „ 

5. Amyl „ 

6. Caproyl „ 

7. CEnanthyl,, 

8. Capryl „ 

9. Nonyl „ 

10. Rutyl „ 

16. Cetyl „ 

27. Ceryl „ 

30. Melissyl ,, 

Distillation of wood 
Fermentation of sugar . 

„ grapes . 

„ beet 

„ potatoes 

„ grapes . 

(Distillation of castor oil) 
t with potash . . f 

Essential oil of hog-weed . 
Nonane from petroleum . 
Oil of rue 

Spermaceti 

Chinese wax . 

Bees’-wax .... 

CH3-0H 

C^Hj-OH 

C3H/OH 

C^Hg-OH 

CgHii'OH 

CgH.g-OH 

C,H, -OH 

C.H.,- 0 H 

CgH,gOH 

c,„h„-oh 

CjgHgg-OH 
C^Hgg-OH 
CggHg/OH • 

66“ C. 

78° „ • 

97 ° 

ri 7 ° » 

137° .. 

157 ° .. 

175 ° .. - 
191° 

213° 


* See pp. SSI, SS2. 


Th6 usual gradation in properties attending gradation in composition among 
the members of homologous series, is strikingly exemplified in the alcohols. The 
first seven members of the series are liquid at the ordinary temperature, possess 
peculiar and powerful odours, and may be easily distilled unchanged. Methyl 
and ethyl alcohols mix in all proportions with water, but the third- member, 
propyl alcohol, though feebly soluble in water, is not so to an unlimited extent, 
while butyl alcohol is less soluble, and amyl alcohol is very sparingly soluble, 
in water. Caproyl alcohol, the next member, is insoluble in water, while capryl 
alcohol is not only insoluble, but possesses an oily character, leaving a greasy 
stain upon paper. The three last members of the series are solids of a wax-like 
character. 

Those members of the series of alcohols which may be distilled without decom- 
posing show a nearly regular increase in the boiling point for each addition of 
CH, in the formula ; it will be seen from the table that, excluding the difference 
between methyl and ethyl alcohols, the average difference in boiling point is 
19.5° 0 . for each CH„ added. 

342. Methyl alcohol, CHj'OH, is met with, in a very impure state, as 
wood-spirit, or pyroxylic spirit, or pyroligneoios ether, or wood-naphtha. 
When wood is distilled, tbe condensed products separate into two layers, 
tbe lower of wbicb is Wood-tar, and the upper is a mixture of water 
with metbyl alcohol, pyroligneous or acetic acid, OHg-COjH, acetone, 
CHj-CO-CHg, metbyl acetate, OHjCO'OCIIg, &c. On distilling this 
upper layer, the portion collected below 100° 0. contains these bodies; 
on adding chalk and re-distilling, the acetic acid is retained in the still 
as calcium acetate, and the distillate is sold as wood-naphtha. Its yellow 
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colour is probably due to iiyroxanthin, and the milkiness produced by 
adding water is due to certain oily substances wliicb cause its peculiar 
odour. In order to obtain methyl alcohol, the wood-naphtha is distilled 
with quick-lime to remove water, and heated ■with fragments of fused 
calcimn chloride, which dissolves in the methyl alcohol to form a 
crystalline compound, CaCI,(CHp)^. This mixture is then poured into 
a retort placed in a water-bath, and heated to ioo° C. as long as acetone 
and methyl-acetate distil over. An equal weight of water is then added, 
which decomposes the compound -with CaOlj, and on continuing the 
distillation, methyl alcohol passes over accompanied by some water, 
which may be removed by contact with quick-lime and distillation. 

Methyl alcohol is more easily obtained pure by boiling the wood-naphtha 
with anhydrous oxalic acid in a flask "with a long condensing-tube, or a 
reversed condenser, until the methyl alcohol is converted into methyl ox- 
ulate, (CO‘OCH3)j, which separates in crystals on cooling. The crystals 
are collected on a filter, washed with water, and distilled with solution 
of potash; (CO-OOHj),-}- 2K0H = (C 0 - 0 K)„-i- 2(CH3-0H). The methyl 
alcohol distils over with some water, which may be removed by quick- 
lime. 

Much methyl alcohol is now obtained by distiUing the refuse of the 
beet-root sugar manufactory, and has become important as the source 
of many methyl-compounds employed in making dyes. 

Methyl alcohol in an impure state is used as a solvent for resins in 
making varnishes. 

Properties of methyl alcohol. — Much resembling ethyl alcohol, -with a 
somewhat different odour; sp. gr. 0.7997 at 16° C., boiling at 66° 0 . ; 
very inflammable, burning with a pale flame. Is distinguished from 
ethyl alcohol by the iodoform test; but in the presence of air and 
platinmn-black, yields formic aldehyde (HCHO) and formic acid 
(HCOjH) ; OH3OII -}- Oj = HOOjH -f- HgO. The formic acid may be 
distinguished from acetic by its property of reducing silver ammonio- 
nitrate to the metallic state when warmed "with it. Hence, methyl and 
ethyl alcohols may be distinguished by distilling them "with dilute sul- 
phuric acid and potassium dichromate, when the former yields formic 
and the latter acetic acid. 

343. Isomerism among the monohyd/tnc alcohols. — Since methyl and 
ethyl lacohols are mono-substitution derivatives from methane and 
ethane respectively, it is not surprising that no position isomerides of 
these compounds are known (see p. 528). It has already been noticed 
that jiwo mono-substitution derivatives of propane are possible, namely, 
those winch have the substituent attached to the end of the three-carbon- 
chmh, and those in which the substituent is attached to the centre carbon 
atom; the former kind is known as the noimal propyl derivative, the 
latter as the isopropyl derivative. Thus, the general formula for a 
normal propyl derivative is 023- CH/OH^X', whilst that for an iso- 
propyl derivative is 023- OHX'* CH3 or (OH3)3 : CHX'. Hence there is 
a normal propyl alcohol and an isopropyl alcohol. 

Since butane may be regarded as methylpropane (a mono-substitution 
product of propane) it may be expected to exist in two modifications 
(P- 5 ^^)‘ of these, normal butane, can yield two mono-substi- 

tution derivatives, viz. : CH3- CH,,- CH^- CH,X' and OH^- OH^- CHX'- OH3 ; 
whilst the second, secondary butane, can also yield two mono-substitution 
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derivatives, viz. ; (Cllg)^ ; CH‘ OHjX' and (CHj)^ : OX'’ CHg. Hence 
there should be four butyl alcohols. 

Pentane is methylbutane, but it only exists in three — ^instead of four 
— modifications (p. 519) because the methylbutanes corresponding "with 
the second and third formulfe given above would have the same struc- 
ture. By writing the formulje for a mono-substitution product of pen- 
tane, it will be found that eight different compounds are possible, and 
in many cases eight are known; eight pentyl (amyl) alcohols, for instance. 

All these isomeric alcohols are divided into three classes as follows : 
(i) Those in which the OH group is attached to a carbon atom, which is 
itself attached to only one other carbon atom ; these are called pnmary 

alcohols and contain the group (2) Those in which the OH 

group is attached to a carbon atom, which is itself attached to two other 
carbon atoms ; these are called secmidary alcohols, and contain the group 

(3) Those in which the OH group is attached to a carbon 

atom, itself attached to three other carbon atoms ; these are called 
tertiary alcohols, and contain the group : C • OH. 

The following list of alcohols will furnish examples of the three 
classes : — 

Methyl alcohol . 

Ethyl alcohol . 

Normal propyl alcohol 
Isopropyl alcohol 
Normal butyl alcohol 
Primary isobutyl alcohol 

Secondary butyl alcohol 
Tertiary butyl alcohol 

Of the eight pentyl alcohols, 4 are primary, 3 secondary, and i tertiary. 

Greater facility in naming these numerous compounds is attained by taMng 
methyl alcohol or carhinol as the starting-point, and supposing the alcohols to 
be derived from it by substitution of alcohol radicles for the hydrogen in the 
methyl group. Then, the primary alcohols will be mono-substitution derivatives 
of carbinol, as shown in the following formulse : 

Carbinol, CHj'OH. Primary propyl alcohol, or ethyl carbinol, CH„(C2H5) * OH, 
Primary butyl alcohol, or propyl carbinol, GHofCjH,) • OH. Primary iso-butyl alco- 
hol, or iso-propyl carbinol, CH„(C3H,)-0H (the difference here consisting in propyl, 
CH„(CH„CH3), formed by the methylation of ethyl, CHofCHg), and iso-projayl, 
CH(CH3)2, formed by the di-methylation of methyl). 

The secondary alcohols may be regarded as di-substitution products of carbinol ; 
secondary propyl alcohol or dimethyl carhinol, CH(CH3)„‘0H, is evidently iden- 
tical with iso-propyl alcohol. Secondary butyl alcohol is ethyl methyl carbinol, 
GH(CoH 5)(CH3)’OH. Secondary amyl alcohol is methyl propyl carbinol — 

GH(GH3)(G3H,)-0H. 

Another secondary amyl alcohol is di-ethyl carbinol, CH(G2H5)„’0H. The tertiary 
alcohols would be tri-substitution products of Carbinol. Tertiary butyl alcohol is 
trimethyl carbinol, C(GH3)3’0H. Tertiary pentyl-alcohol is ethyl dimethyl carbinol, 
C(G3H3)(GH3)3-0H. 

The three classes of alcohols are distinguished by their behaviour 
under the action of oxidising agents, which also serves to settle 
their constitution. When oxidised, a primary alcohol yields an 
aldehyde, and ultimately an acid, containing the same number of 

carbon atoms as the alcohol ; thus, ethyl alcohol, CHg'O^^I-, yields 


H-GH„OH 

GH/GKOH 

gh,-ghVgh„oh 

(GHj), : CHOH 
GH3-CH„-GH„-CH„0H 
(CH 3 ), ; ■GH-CH„0H 


GHvGH, 

CH 

{GH3)3 : COH 


:> 


CHOH 


Primary. 

Primary. 

Primary. 

Secondary, 

Primary. 

Primary . 

Secondary. 

Tertiary. 
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ethyl aldehyde, OH,- and acetic acid OH,- A secondary 

alcohol yields a ketone containing the same number of carbon atoms ; 

thus, secondary propyl alcohol, (OH,), : , yields di-methyl ketone, 

(OH3), : 0 : 0 ; a tertiary alcohol is either broken up into two or more 
acids containing less carbon, or it may give rise to a ketone containing 
one atom less carbon than itself, the atom of carbon being oxidised to 
carbonic or formic acid ; thus, tertiary-butyl alcohol, C(CH3)3' OH, yields 
acetone, (OH,), : CO, and formic acid, H-COOH. 

Another method for distinguishing between a primary, secondary, and tertiary 
alcohol is as follows : The alcohol is converted into the corresponding iodide by 
distilling with iodine and phosphorus {see ethyl iodide); the iodide is distilled with 
a mixture of silver nitrite with dry sand (to dilute it), when the corresponding 
nitro-paraffin is obtained ; thus, ethyl iodidfe yields nitro-ethane (CoH^NO,,) — 
CHj-CH/I + AgNO. = CHj-CHj-NO, + Agl. 

The distillate is mixed with potassium nitrate and weak potash, and dilute 
, sulphuric acid is gradually added ; if the alcohol be primary, a red solution of 
the corresponding potassium nitrolate will be obtained, the nitro-paraffin having 
been converted into the corresponding nitrolic acid by the nitrous acid ; thus, 
nitro-ethane yields nitrolic acid — 

OHj-CHi-NO, + HNO, = CH3-C(NO„) : NOH -t- H„0. 

Nitrolic acids are colourless, but their alkali salts have a dark red colour ; they 
are very unstable, being decomposed into nitrous oxide and a fatty acid ; thus 
nitrolic acid yields nitrous oxide and acetic acid. If the alcohol be secondary, a 
hbie solution of a pseudonitrol will be obtained ; thus, secondary amyl alcohol, 
CH(OHj)(C 3H,) • OH, would yield the secondary nitro-paraffin, CH(CH5)(C3H,) -NOo, ' 
which would be converted byHNOj into the pseudonitrol,iC(NO){0H3)(03H,)-NO2, 
giving a blue solution. If the alcohol be tertiary, no colour is produced, the 
tertiary nitro-paraffins being unattacked by nitrous acid. 

The simplest general method for p'epoA'ing the alcohols consists in 
treating the corresponding halogen substitution derivatives of the 
hydrocarbons with moist silver oxide ; thus, if normal .butyl bro- 
mide be treated with AgOH, it yields normal butyl alcohol, 
CH3- CH^- OH^- CH^Br + AgOH = OH3- OH^- OH„- CH^OH + AgBr. The 
secondary bromide, OH^- OH^- CHj^Br.OHj, will yield the secondary 
alcohol. The tertiary bromide will yield the tertiary alcohol. 

As the alcohols form the basis for the production of a large number 
of compounds on the small scale, their general reactions will be best 
understood when these other compounds are considered. 

343a. Normal propyl alcohol, or ethyl carbinol, CjHj’OH, or C^Hj'CHo'OH, is 
found in the latter portions of the distillate obtained in rectifying crude spirit of 
wine. It smells like alcohol, has the sp. gr. 0.82, and boils at 97° C. When 
mixed with water it may be separated by saturating with calcium chloride, when 
the propyl alcohol rises to the surface, which would not be the case with ethyl 
alcohol. When oxidised, it yields propionic aldehyde, C^Hj- OHO, and propionic 
acid, CjHs-COjH. Isopropyl alcohol boils at 83° 0., and is obtained by reducing 
acetone with nascent hydrogen. 

The butyl alcohol, C^Hg'OH, originally so called, and mentioned in the table at 
p. 548 as obtained by the fermentation of beet-root, and also by the distillation 
of crude spirits, is now called fermentation butyl alcohol, or primary isobutyl 
alcohol, to distinguish it from the normal butyl alcohol, which is the real member 
of this homologous series of alcohols. Fermentation butyl alcohol boils at 
106° 0., and. therefore cannot be the normal member of this series, which requires 
an average increase of i9°.5 C. in the boiling point for each additional carbon 
atom (see p. 548)- Since propyl alcohol boils at 97°.5, the normal butyl-alcohol 
should hoil at or about ii7''- Fermentation butyl alcohol smells of fusel oil. 
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which often contains it. It has sp. gr. 0.805, and is much less soluble in water 
than propyl alcohol is, requiring ten times its weight to dissolve it. Most salts 
soluble in water cause it to separate on the surface of the liquid. Normal butyl 
alcohol, or propyl carbinol, CaH/CHo'OH, has sp.gr. 0.824, and boils at 117° 0. 
It is obtained by acting upon butyl aldehyde with water and sodium amalgam, to 
furnish nascent hydrogen, 03Hj‘CH0 + H2=C3H/CH„’0H. 

344. The history of amyl alcohol resembles that of butyl alcohol, the name 
having been originally given to the well-known offensive and poisonous liquid 
called fusel oil, obtained in the distillation of spirits from fermented grain or 
potatoes. This contains, however, at least two isomeric alcohols, viz., isdbutyl 
carbinol, (CHg)^ : OH’CH„-OHo‘OH (b. p. 111° G.), s.nd. secondary butyl carbinol, 

OH-CH„OH (b. p. 127’ 0 .); this latter alcohol is optically active, for it 

contains an asymmetric carbon atom (see stereo'isomerism). Fusel oil has the 
sp. gr. 0.83, and is so sparingly soluble in water that it separates from its solution 
in distilled spirits on dilution with water, rendering the liquid turbid. Its odour is 
very characteristic, and the vapour occasions coughing and a sensation of swelling 


of the head. 

345. Normal hexyl alcohol, OH, boiling at 157° C., isnot that produced 

by fermentation, but is obtained from the essential oil of an umbelliferous plant, 
Heradeum giganteum, which contains hexyl butyrate, and yields the alcohol when 
distilled with potash, C3H/C00C3H,3-{-KbH = 0 ,H,y OH + C3H/C9OK, 

Tho fermentation hexyl alcohol, or caproyl alcohol (b. p. 150° C.), is that obtained 
by distilling fermented grape-husks ; it has a more unpleasant smell than the 
normal alcohol. 

Normal capryl or octyl alcohol, CgH,,- OH, is obtained from the essential oil of 
the cow-parsnip or hog-weed (Heradeum spondylium), an umbelliferous plant, by 
distilling it with potash, which decomposes the octyl acetate, of which the oil 
chiefly consists, 0H3-C00C3H„-1-K0H=C8H,/0H + CH3-C00K: {potassium acetate). 
It has the sp. gr. 0.83, and boils at igi® 0 . « 

Cetyl alcohol, OisHjj’OH, or ethal, is obtained from spermaceti, found in the brain 
of the sperm-whale. This substance is cetin or cetyl palmitate, and, when boiled 
for some time with potash dissolved in alcohol, it yields cetyl alcohol and potas- 
sium palmitate ; CjsHj, • COOCi^Hjj + KOH = CjjHjj* OH -f CijH,,’ COOK. On mixing 
the alcoholic solution with water, the cetyl alcohol is precipitated in the solid 
state, being insoluble in water. Cetyl alcohol is a crystalline body, fusing at 
49 °-S C., and boiling at 344° C. 

Ceryl alcohol, Cj^H^' OH, is prepared from Chinese wax, the produce of an insect 
of the cochineal tribe. It consists chiefly of cerotin or ceryl cerotate, and when 
fused with potash gives ceryl alcohol and potassium cerotate — 

Cj^Hjj-COOCjjHy + KOH = CjjH^'OH -t- C„3H33-COOK. 

By treating the fused mass with water, the cerotate is dissolved, and the ceryl 
alcohol is left, and may be obtained in crystals by dissolving it in ether. Its 
fusing point is 79° C. It occurs in flax. 

Mdissyl alcohol, or myricyl alcohol, CjjHg, • OH, is derived from bees' -wax. When 
this is boiled with alcohol, about one-third of its weight is left undissolved ; this 
is myricin or mellissyl palmitate, CjjHji’COOCjjHg,. By fusing this with potash, it 
is made to yield potassium palmitate and melissyl alcohol, which is a crystalline 
substance, fusing at 85° C. 

346. Monohydeic Alcohols of the Olefine and Acetylene 
Series. — These may be regarded as formed from the olefine and acetylene 
hydrocarbons in the same manner that the ordinaiy alcohols are derived 
from the paraffin hydrocarbons. They therefore correspond with the 
general formulae 0„H2„_i0H and CnHgn-aOH. Those which are 
known are primary alcohols ; thus, allyl alcohol is CHj : OH’ OHjOH, 
formed from propylene. The alcohol from ethylene, CH^ : CH'OII, is a 
secondary alcohol {vinyl alcohol) and probably exists in crude ether, 
but it cannot be isolated because it is immediately transposed into 
aldehyde, CHg’ OHO ; this is in accord with other experience of the 
grouping : C : OHOH, which is always foimd to be unstable. 

The alcohols of these two classes are, of course, unsaturated compounds. 
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and readily combine with H to form the alcohols of "the preceding 
class. 

Allyl alcohol, CjE;- OH, or CH„ : GH • CH., 0 _H, is obtained by heating four parts of 
glycerol ■vrith one part of crystallised oxalic acid in a retort at 195° 
as water distils over, and afterwards raising the temperature, when the allyl alcohol 
distils over (addition of a little NH^Cl facilitates the change). The glycerol is 
first converted into monofornihi— 

CH„OH • CHOH • CBLOH + (COOH),= CH„OH- CHOH • CH,(OCHO) + CO„ + H„ 0 . 
The monoformin is then decomposed into allyl alcohol, CO._, and H „0 ; 

CH„OH- CHOH- CH„(OCHO) = CIH : CH- CH„OH + H „0 + CO„. 

It has a pungent smell, sp. gr. 0*87, b. p. 96“-6 C. By very careful oxidation it 
yields glycerol, but when oxidised by Ag „0 it yields acrylic aldehyde or acrolein, 
CH„ : CH- CHO, and acrylic acid, CH, : CH- COOH. This shows it to be a primary 
alcohol. Crude wood Spirit contains a little allyl alcohol. 

Propargyl oipropinyl alcohol, C3H3-OH, or CH ; C-CH„OH, is the alcohol corre- 
sponding with allylene. It is obtained by boiling bromallyl alcohol (itself obtained 
byasomewhat intricate process), CH, : CBr-CH,OH, with KOH ; CH, : CBr'CHoOH 
+ KOH = CH i C - CH„OH + KBr + HOH. It is a fragrant liquid of sp. gr. 0.96 and 
b. p. 115° G. ; it burns with aluminous flame. Since it contains the CH • C. 
group, it is ■ capable of yielding metallic derivatives ; cuproso-propargyl alcohol, 
CCu : C:OILOH is a green precipitate. 

347. Monohydbic Alcohols of the Benzene Htdeocarbons. — 
It would seem at first sight as though the hydroxyl compound produced 
by introducing OH in the place of one of the H atoms of benzene should 
be an alcohol. If the structure of benzene be correctly represented by 
the benzene ring, however, this alcohol would partake of the nature of a 
tertiary alcohol, since the OH would he combined to a carbon atom 
itself attached by three atom-fixing-powers to two other carbon atoms. 
As a fact, however, the hydroxy-substitution products of the benzene 
hydrocarbons cannot be classed -with the alcohols when the substitution 
occurs in the benzene nucleus. Such compounds as CgHj(OH), CgH.,(OH)j, 
CgH^(OH)(CH3), differ to such an extent from the alcohols that they are 
classed apart as phenols. 

Only such hydroxy-derivatives of benzene hydrocarbons are alcohols 
{aJ’omatic alcohols) as have OH substituted fm' H in the side chain ; thus, 
whilst 06H^(0H)CH3 is a phenol, its isomeride, CgHj-CH^OH, is a 
primary alcohol, and 'may be termed benzyl alcohol or phenyl carbinol 
(P- 55 °)- obviously he possible to have secondary alcohols, 

e.g., CgHg-OHOH-OHj (from ethyl benzene), and tertiary alcohols, e.g., 

(from isopropyl benzene), as in the paraffin series. 

Por every alcohol there is an isomeric phenol, and it is possible to have 
a phenol-alcohol, e.g., OgH^(OH) - OH^OH (from hydroxytoluene), or any 
other substituted aromatic alcohol. 

liike the paraffin alcohols, the aromatic alcohols may be prepared from 
the halogen substituted hydrocarbons by the action of moist silver oxide 
or an alkali, but the substituted halogen must, of course, be in the side 
chain, e.g., CgHj- CHjOl (benzyl chloride). 

Benzyl alcohol, or lenzoic alcohol, CgHyCHjOH, may be obtained from lenzyl 
aldehyde {bitter-almond oil) by the action of reducing agents ; since benzyl 
aldehyde is itself capable of undergoing oxidation, it is possible to obtain both its 
reduction product, benzyl alcohol, and its oxidation product, benzoic acid, by 
heating it with alcoholic potash ; zCgH^- CHO KOH = CgHj- CH,OH -f- CgHg-. COOK. 

It can also he made from benzoic acid by the action of nascent H, generated by 
adding Na-amalgam to a boiling solution of the acid; C,,H5-C00H-fH = 
CgHj- CH„OH + H, 0 . The balsams of Tolu and of Peru and storax yield benzvl 
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alcohol when distilled with alkalies which decompose the benzyl benzoate, 
C„H5‘C00(C5H5CH„), and cinnamate contained in them. 

Benzyl alcohol is an oily liquid heavier than water (sp, gr. i.o6), boiling at 
206° C. Oxidising agents convert it into benzaldehyde and benzoic acid, proving 
it to he a primary alcohol. 

Salicyl alcohol, or hydroxyhenzyl alcohol, C5H4(OH)'CH„OH, is a di-substituted 
benzene and can therefore exist in three isomeric forms. The i : 2-derivative is 
saligenin, made from salicin, a crystalline substance extracted from willow-bark. 
This substance is a glucoside, and when hydrolysed (p. 256) yields glucose (C^HijOj) 
and salicyl alcohol ; 

CeHAOC^H^OJ • CH„OH -1 H0H=C«H„05(0H) + C„H,(OH) -GHjOH. 

1 ; 2-Salicyl alcohol forms tabular crystals, soluble in hot water, alcohol, and 
ether, fusing at 82° C. and subliming at 100° C. When oxidised it yields salicyl 
aldehyde, C6Hj(OH)-CHO, and salicylic acid, CgH^(OH)'COOH. It gives an intense 
blue colour with ferric chloride (cf. Phenols). 

Cinnamyl alcohol is the primary alcohol corresponding with the unsaturated 
hydrocarbon cinnamene (p. 533) ; its formula is CgHj* CH : CH‘ CH„OH, phenyl 
allyl alcohol. It is also obtained from storax, a fragrant balsam exuded by the 
Styrax officinale, a tree found in Syria and Arabia, sometimes used as a pectoral 
remedy. When this is digested for some hours with a weak solution of 
soda, and the residue extracted with a mixture of ether and alcohol, needle- 
like crystals of styracin are obtained. This substance is cinnamyl cinnamate, 
CgHj'CH : CH'COO{CgH5'CH : CH‘CH2),and yields cinnamylalcoholandpotassium 
cinnamate when distilled with KOH; C9H9-C9H,02-)-KOH = Cs,Ho'OH-l-KCgH, 0 „. 

Cinnamyl alcohol is a solid body smelling ot hyacinths ; it crystallises "in 
needles, which fuse at 33° C. and boil at 250°. It dissolves sparingly in water, 
but easily in alcohol or ether. When oxidised by air, in presence of platinum 
black, it is converted into cinnamic aldehyde, CgHs-CH : CH-CHO, which is the 
chief constituent of the fragrant oils of cinnamon and cassia. This slowly 
absorbs more oxygen, and becomes cinnamic acid, CgH^’CH : CH'COOH. 

Concerning the a?co/tofe of the hydrocarbons containing mate than one benzene 
nucleus comparatively nothing is known. 

34S. llfEHCAFTANS, Or ihio-alcohols, or sulphur alcohols, are derived from the 
alcohols by the substitution of sulphur for hydrogen. 

Mercaptan, CjHg’SH, was named from its remarkable action on mercury com- 
pounds (mercurio ajJtum). It is prepared by distiUing calcium sulphethylate with 
potassium hydrosulphide — 

Ca(C2H5SO,)2 -1- 2KSH = CaSO^ + K„SO^ -f 2{C2Hg-SH). 

Calcium sulphethylate. Mercaptan, 

A'solution of potassium hydrosulphide is made by passing H„S to saturation into 
potash of sp. gr. 1.3, and this is distilled, in a salt-and-water bath, with an equal 
volume of solution of calcium sulphethylate of sp. gr. 1.3. The mercaptan forms 
the upper layer of the distillate. Mercaptan is characterised by its powerful smell 
of garlic. It is a volatile liquid, of sp. gr. o'835, and boils at 36° C. A drop 
exposed to the air is frozen to a crystalline mass by its own evaporation. It burns 
with a blue flame. Mercaptan is sparingly soluble in water, but dissolves in 
alcohol and ether. It is unaffected by caustic alkalies, but potassium and sodium 
act upon it as in the case of alcohol, displacing hydrogen and forming potassium 
mercaptide, CoHg'SK, and sodium mercapHde, which are crystalline bodies soluble 
in water. 

Mercuric oxide reacts with mercaptan, evolving much heat, and forming a 
white crystalline inodorous compound; Hg0-l-2{C2H5-SH)=H„0-t(C2H5S)^g 
[mercuric mercaptide). This is insoluble in water, but may be crystallised from 
Mcohol, or from strong HCl. Potash does not decompose it. H^S converts the 
mercury into sulphide and reproduces mercaptan. Mercaptides of other metals 
may be precipitated by metallic salts from an alcoholic solution of mercaptan. 
They are also called ihio-ethoxides. 

By distilling mercuric thio-ethylate, di-ethyl mlphide or thio-ether, CJIg'S ‘CjIIg, 
luay be obtained ; (C„H5S)2Hg=:(C2il5)„S-}-HgS. This may also be prepared fay 
distilling potassium sulphethylate with potassium sulphide; 2KC2H;S04 + K2S= 
zlVgSO^-p (02115)28. It resembles mercaptan, but boils at 92° C. ItsAlcoholic solu- 
tion gives, ■OTthmercuric chloride, a white crystalline precipitate of (02Hj)2S.HgCl2. 

Pttiyl^ disulphide, or di-ethyl disulphide, (02115)282, is obtained when potassium 
disulphide and sulphethylate are distilled. ' It may also be formed by heating 
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mercaptan to 150° C. with sulphur; 2(C,HsSH) + S„=(C„H,)„S..+H„S ; or by de- 
composing sodium mercaptide with iodine ; 2(C„ll.SNa)VLr=2Nal-f(C„H5)„S... 
It is an alliaceous liquid, boiling at 151“, C. 

-Ethyl oxysulpliide, (C.,Hj)„OS, is a syrupy liquid resulting from the action of. 
dilute nitric acid on ethyl sulphide. 'J)t~etliyl trisulphidc, ((J„H5)„S3, is produced 
by heating the disulphide with sulphur. Di-ethyl tctrasidphidc, is the 

product of the action of di-sulphur dichloride on mercaptan ; S.CL,-f2(G!^H5’SH) = 
(92^5)2^4 + 2HCI. It is a colourless oil, which is converted into an elastic mass of 
di-ediyl pentasidpMde, (03115)283, by heating to 150° C, in contact with sulphur. 

Di-et/iyl di-oxysulphide, or ethyl stdjihone, (CoHjI.SOo is a very stable crystalline 
body formed when ethyl sulphide is oxidized by strong nitric acid ; it fuses at 
70 C. and boils at 24S'’ C., but sublimes at 100“ G. It is soluble in water and 
alcohol. 

When ethyl sulphide and eth}*! iodide are heated together with a little water 
for some hours in a flask with an inverted condenser, the mixture, on cooling, 
deposits colourless prisms of tri-cthyl-sidphinc iodide, (GoHjljS'I, which are soluble 
in water and alcohol, but insoluble in ether. This compound is remarkable for 
producing a series of compounds in which the iodine is replaced by other chlorous 
radicals, giving rise to tri-ethyl-suljdiine salts, in which the S is quadrivalent ; 
thus, in the iodide,^ it is attached to four monad radicles, viz., (G^Hj), and I. By 

with silver hydroxide, the tri-ethyl-sulphine hydroxide, 
C^2'*^5)3“ OHi obtained ; it is a deliquescent crvstalline body possessing the 
properties of a powerful caustic alkali. 

Diethylsnlphodunethyl-methane, (GH3)2C(S02C2H5)2, is a new hypnotic agent (sul- 
jptionat)', it crystallises in prisms, melting at 125.5° G., and sparingly soluble in 
cold water. j e 


X^thic acid, CjHj'O'CS'SH, is obtained as a potassium salt by saturating 
alTOhm^th potas^um hydroxide and stirring with excess of carbon disulphide : 
G.Hj OH.-|-Gbj' 4 -KOH=HOH-f GjHj'O'CSjK {potassium xanthate). This saltforms 
colourle^ crys^^s with a faint odour, soluble in water and aleohol, but not in 
ether. When it is added to dilute HGl cooled in ice, xanthic acid separates as a 
heavy colourless oily liquid, which is decomposed at 24° 0. into alcohol and GS,: 
ihe charactenstic reaction of the xanthates is that with cupric sulphate, whicn 
gives at mst a dark-brown precipitate of cupric xanthate, rapidly decomposing 
^ ysllow oil ^d bright yellow flakes of cuprous xanthate, the reaction being 
apparently-2(G2H50-GS2)2Gu=(G2H50-CS.)..Cu„ + 2(G„H50-G82). 

fU.-cr - J Cuprous xanthate. Xanthogen persulphide. 

J rom this reaction the acid was named yellow). 

or lactic sulphur analogue of hxdroxypropionic 

-J I^oWssium propionate is formed when G0„ acts 

a nH xanthate is formed when GS„ acts on G„HV OH 

are equivalent to potassium ethoxide and water. 

sulDhur'dilj^rlo“ obtained as a zinc salt by the action of 

('G„H^“so\ S etherial solution of zinc ethide; Zn(G„H5)2-b2S02= 

as nronionip ^ syrupy liquid. It might evidently be regarded 

quadrivalent sulplSn ' of the carboxyl is replaced by 

oxwfsed^bv nitrie aaid produced when ethyl-sulphinic acid is 

polvsulnhide-! nniq oft, ’i treatment also produces it from mercaptan, ethyl 

140° G for soma fim ^ sulphocyanate. To prepare it, ethyl iodide is heated to 
140 C. time, with a strong solution of sodium' sulphite : 

Ethvl sulnhonio nnffi ' 'h^2H5'S020Na (sof^iiMu ci/t7/Z-si«Zp/(onaie). 

coXr H foLfvo ^ oily liquid of sp. gr.' 1.3, and may be crystallised by 
It may be res-ardad salts, which are not easily decomposed by heat. 

OH Of theSIrtlL;.fr C2H5-0H.by the substitution, for the 
acid contains^tha xntr,? ®**^*^®> ^04^'’7ninus OH) while ethyl-sulphinic 

St°S PcS thf-&HTelh;r:^^ SO-ok (or SO3H2 minus OH)^ By W 
ethyl-sidphonic c/Srr*fG..H5°Sa!ci replaced by 01, giving 

by^th“rthSS%rof obtained from the alcohols formed 


• be rSarded Glycols.— The dihydric alcohols may 

O derived from the saturated hydrocarbons by the replace- 



ETHYLENE GLYCOL. 


556 

ment of two H atoms by hydroxyl groups ; equally well, they may be 
said to be olefine hydrocarbons which have combined with two hydroxyl 
groups, and this is the view expressed by their nomenclature ; ethylene 
glycol, 03114(011)2, and propylene glycol, 03Hg(0H)2, are examples. 
Like the monohydric alcohols, a general method for their preparation 
consists in the treatment of the corresponding bromo-derivatives with 
alkalies, or, what is equivalent, an alkali carbonate, or lead hydroxide, 
and water. 

The simplest glycol woiild be OH2(OH)3 from methane ; but this has 
never been isolated, and it appears to be a fact that no compovm.d can 
exist which has two hydroxyl groups attached to one carbon atom (cf. the 
non-existence of carbonic acid, OC(OH)2 ; p. 89). There is evidence to 
show that in all the glycols the OH groups are attached to difierent 
carbon atoms. For example, ethylene glycol is CHgOH'OHgOH, not 
CH3-0H(0H)2, and cannot exist in isomeric forms ; pn'opylene glycol may 
be either 0H20H-0H2-0H20H, or CH3-CH0H-0H20H, the former 
of which contains two primary alcohol groups, and may be termed a 
diprimary glycol, whilst the latter is a secondmy-po'imary glycol. Since 
disecondary, ditertiary, secondary-tertiary and pi'imary-tertiary glycols 
are also possible, the cases of isomerism among the glycols are very 
numerous. 

The OH groups in the glycols are capable of the same ti-ansformations 
as is the OH in a monohydric alcohol ; the H in them can be replaced 
by alkali metals; the groups can be exchanged for acid radicles, &c. 
Two series of such substituted glycols exist, those in which both OH 
groups have undergone the change, and those in which only one has been 
altered; thus, 0n20Na-0H,0Hand0H20Na-CH20Ha; CH2Cl-CH,OH 
and OH2qi-CH2Cl. 

The oxidation of the glycols results in the same kind of products as 
result from the oxidation of the alcohols ; but since there are two 
alcoholic groups to be oxidised, a very large number of products is ob- 
tainable ; for example, the two primary alcohol groups in OHjOH* OHjOH 
can both be oxidised to aldehyde groups, OHO ’OHO, or to acid groups, 
OOOH' COOH ; or only one of them may be so oxidised, yielding alcohol- 
aldehydes, OHO • OHgOH, or alcohol acids, OOOH- OH2OH ; aldehyde- 
acids, OHO'OOOH, will also be possible. If the glycol contain a 
secondary alcohol group (; OHOH) hetone-alcohols, heione-aldehydes, ketone- 
acids, and diketones may also be prepared. Hence the glycols give rise 
to a very large number of derivatives, many of which are very important, 
although the same cannot be said of the glycols themselves. 


Glycol, oiethene alcohol, is a much more artificial product than ethyl- 

alcohol, having been discovered as lately as 1856. It is prepared by decomposing 
ethene bromide with potassium carbonate. Ethene (p. 521), is first converted 
into ethene hromule by passing it slowly into 50 grammes of bromine under 
water, well cooled, until the bromine is bleached, or 'nearly so. The heavy layer 
of ethene bromide is shaken with a little weak potash, the upper watery layer 
drawn off, and 50 grammes of the bromide heated with 40 of potassium 
carbonate, and 100 of water, for eighteen hours, in a flask provided with a reversed 
condenser (fig. 272) ; when ethene bromide no longer condenses and runs back, 
the condenser is placed in its proper position and the contents of the flask distilled. 
After all the water has passed over, the flask is strongly heated by a large Bunsen 
burner, when the glycol distils over. The action of potassium carbonate on ethene 
bromideis given by the equation C. H ,Br„-f KXO, H „0 = C-H (OH) + ? TrTi r + nn^ 
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which exemplifies the tendency of alkaline reagents, in the presence of water, to 
effect the replacement of halogens by hydroxyl. _ , 

Glycol is a colourless liquid, less mobile than alcohol, and almost inodorous. 
It has a sweet taste, sp. gr. 1.125 at 0“, and the high boiling point 197° 0 . Its 
vapour is inflammable, but will not take fire at common temperatures like 
alcohol. Glycol mixes with water and alcohol in all proportions, but ether does 

not dissolve it. j . u- 

Sodium dissolves in glycol, as in alcohol, evolving hydrogen, and yielding 
monosodium glycol, C.B/OH'ONa, corresponding with sodium ethoxide, OjK^ONa. 
On heating this with more sodium, a second atom of H is displaced, yielding 
disodium glycol, CoH/ONa)^. Water converts both compounds into glycol and 
sodium hydroxide. 

Glycol chlorhydrin is glycol in which one hydroxyl group has been replaced by 
01 ; CH„OH • CHjCl ; and is prepared by saturating glycol with HCl, and heating 
in a sealed tube to 100° 0 .; C2H,(OH)2 + HCl=CoH4‘OH'Cl + HOH. It has also 



been obtained by the combination of ethylene, C^H^, with hypochlorous acid, 
CIOH. It permits the conversion of a dihydric into a monohydric alcohol, for it 
yields ethyl alcohol when acted on by (the nascent hydrogen from) water and 
sodium-amalgam; C„H,- 0 H-Cl-f- 2 H = G,H5-0H + HCl. When oxidised it yields 
monochloracetic acid, CH„C 1 -C 00 H, in which it is obvious that the Cl cannot be 
attached to the same carbon atom as that to which the 0 and OH are attached 
(or the substance would not be an acid) ; this proves that glycol chlorhydrin 
must^ contain Cl and OH attached to different carbon atoms, and settles the 
constitution of glycol. 

The first stage in the_ oxidation of glycol is the formation of glycol dialdehyde, 
or glyoxal ; the relation of this body to glycol is shown thus : glycol, 
CHjOH’CILOH; glyoxal, CHO'CHO. 

The further oxidation of glycol yields two acids, glycolHc acid, COOH-CH.,OH, 
and oxahc acid, COOH-COOH. 

The glycols from the hydrocarbons containing one or more benzene nuclei, 
haim the hydroxyl groups in the side chains ; they have been little studied. 

Hydrohenzom, (C5H5)CHOH ; CH0H(C6Hj), is a glycol derived from stilbene 
(P- WS)- produced by the action of nascent hydrogen on benzoic- 

aldehyde, CjHj'CHO,; it crystallises in plates, and melts at 134° C. An isomeride 
is known. 
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The pincbcones are di-tertiary glycols, obtained, together with second- 
ary alcohols, by the action of nascent hydrogen on the ketones. 
Thns, acetone undergoes a condensation according to the equation, 
2(0H3)2C0 + Hg = (0113)2(110)0 • C(OH)(OH3)2, dimethyl pinacone. 

350. Teihydbio Alcohols, or Glycerols, — These may be regarded 
as derived from saturated hydrocarbons by the replacement of three H 
atoms by three OH groups. Since two OH gi’oups cannot remain 
combined with one carbon atom (p. 556), there can be no glycerol which 
contains fewer than three carbon atoms ; thus, 03H5(0H)3 must be the 
first member of the series. The radicles of the glycerols may obviously 
be regarded as trivalent radicles — e.g. (C3H5)'", glyceryl or prop&nyl. 
Comparatively few of the glycerols are known ; what was said with 
regard to isomerism, substitution derivatives, and oxidation products 
of the glycols, applies with even more cogency to glycerols, where there 
are three hydroxyl groups to be substituted and three alcoholic groups 
to be oxidised. It will be noted, however, that a glycerol formed from 
an open chain saturated hydrocarbon must always contain at least one 
secondary alcoholic group. 

Glyc&rine, or Glycerol, C3H^(OH)3, or OHjOH' CHOH- OHjOH, was 
formerly termed the sweet principle of fats, on account of the facility 
with which it may be prepared from most of the natural fats, which are 
thence called glycerides. Glycerine is also formed during the alcoholic 
fermentation of sugar, and is present in small quantity in beer and wine. 

Preparation of glycerine. — Palm oil is decomposed in a still by super- 
heated steam, at a temperature of about 315" C,, when the condensed 
liquid in the receiver separates into two layers, the lower of which con- 
sists of glycerine dissolved in water ; this is evaporated to expel the 
water, until its sp. gr. reaches 1.15 ; it is then introduced into a still, 
and steam of 1 10° C, is passed through it as long as the condensed water 
is acid, and the glycerine afterwards distilled over in a current of steam 
heated to 180’ 0., and condensed in a receiver which is kept too warm'to 
allow the water to condense, so that the glycerine is obtained nearly pure. 
The chemistry of the process is very simple. Palm oil is glyceryl palmitate, 
or iripalmitin, and is decomposed by water at a high temperature into 
glycerine, which dissolves in water, and palmitic acid, which forms the 
oily layer above the solution of glycerine in the receiver — 


+ 3HOH = C3H3(0H)3 + 3C,3H3,-C00H. 
Tripalmitin. Glycerin. Palmitic acid. 


. The palmitic acid forms a white ery.=talline solid on cooling, and is used 
for making candles. 


Glycerine is contained in the refuse liquor of the soap-maker, being always 
produced when oils and fats are saponified by alkalies, and remaining in solution ' 
when the soap is separated by adding salt. As 100 parts of fat, saponified, yield 
only about 10 parts of glycerine, it seldom pays to extract it from the refuse liquors. 

Previously to 1850, glycerine was made only on a laboratory scale by the process 
discovered by Scheele in 17 79) which consisted in boiling olive oil with lead 
oxide (litharge, PbO) and water, when lead oleate, or lead plaster, remained, while 
the glycerine dissolved in the water from which it was obtained by evaporation, 
after precipitating the dissolved lead by H„S. 


Glycerine has been made artificially from propylene by combining 
it with chlorine to form pn’opylene chloride, which is heated 

with iodine chloride to convert it into propenyl tri-iodide, O3H3I3 ; by 
heating this in a sealed tube, with about twenty times its volume 
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of water, at i6o° C., it is converted into glycerine; O3H.I3 + 3H;0H: = 

03H3(0H)3 + 3HI. ' 

This synthesis, together with the fact that glycerine can be made by 
oxidising allyl alcohol, 0 H„ : OH- OHjOH, establishes the comlituiion of 
glycerol, if it be admitted "that one carbon atom cannot hold two OH 


groups. 

Properties of glycerine. — Hesembles syrup in taste and consistency ; 
sp. gr. 1.269 12° 0. ; boils at 290“ 0., but then undergoes partial 
decomposition. It is slightly volatile at 100° C., but not at the 
ordinary temperature. If kept at 0° 0 . for some time, a strong 
aqueous solution of glycerine deposits crystals, especially if a ready-made 
crystal be introduced ; pure glycerine solidifies at - 40° 0. to a gummy 
mass, which melts at 1 7° 0 . Glycerine does not inflame until it is heated 
to 150° C., when it burns with a flame resembling that of alcohol. It 
absorbs water easily from the air, and dissolves without limit in water 
and alcohol, but is insoluble in ether. 

Glycerine is used for sweetening by confectioners and brewers, and, on . 
account of its never drying, it is useful in many cases when it is desired 
to keep any substance moist and supple. Water mixed with an equal 
weight of glycerine is sometimes used in gas-meters, bemg much less 
easily frozen than water, and less liable to dry up. 

It is especially worthy of notice that, under certain conditions, glycerine 
may be fermented by yeast, when it yields ethyl alcohol, propyl alcohol, 
butyric and caproic acids, and other products ; a connecting link is thus 
established between the alcohols and the sugars. 

Glycerine possesses extensive solvent powers, like alcohol, dissolving 
most substances which are soluble in water, and some others, such as 
metallic oxides, which are insoluble in water. 

Two compounds corresponding with the ethoxides may be obtained 
by the action of sodium ethoxide on glycerine dissolved in alcohol, 
viz., sodium propenoxide, 03Hj(OH)2ONa, and disodiiom propenoxide, 
03H3-0H(0Ha)3. 

Glycerine does not yield an aldehyde when oxidised, but glyceric 
aldehyde, 02H3(0H)2- OHO, has been obtained by electrolysing a mix- 
ture of glycerine with dilute sulphuric acid. 

When glycerine is carefully oxidised by nitric acid, it yields glyceric 
acid, 0„H3(0H)„- OOOH, which is also called di-hydroxypropionic 
acid, since it is propionic acid, CoHj-OOOH, in which H, have been 
replaced by (0H)2. 

A characteristic property of glycerine is that of yielding an exceedingly 
pungent and irritating substance, known as acrolein, or acrylic aldehyde, 
OaHj-OHO, when sharply heated, or subjected to the action of- dehy- 
drating agents, 03H3(0H)3 = C3H3-0H0 -f- 2H,0. The best test' for 
identifying glycerine is to mix it with powdered KHSO^ and heat it 
strongly, when the intolerable odour of acrolein is perceived. It is this 
substance which causes the offensive smell of smouldering candles made 
of tallow and other glycerides. 

Another important property by which glycerine is distinguished is 
that of conversion into nitroglycerine, O3H3 (1^03)3, glyceryl trinitrate, 
when cautiously added to a mixture of equal measures of the strongest 
nitric and sulphuric acids cooled in water. The nitroglycerine separates 
as a heavy oil when the mixture is poured into much water, and a drop 
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of the oil, placed on an anvil and struck with the hammer, detonates 
with a deafening report (see Glyceo'ol, ethereal salts of). 

By the action of dehydrating agents on glycerol one molecule of water can be 

abstracted and glycide alcohol, CH, CH‘ CH^OH, produced ; this is a colour- 

less liquid, boiling at 162° 0. 

The trihydric alcohols, yield haloid compounds in which one, two, or three of 
the hydroxyl groups, are replaced by the halogen ; thus, glycerine, C3H5(OH)3, 
yields a monoclilorhydrin, C3H5{0H)2C1, a dichlorhydrin, C3H5(OH)Cl2, and a 
tricliorhy drill, C3H5C13. The last is identical with trichloropropane (q.v.). 

Monochlorhydrin and dichlorhydrin are prepared by saturating glycerine with 
hydrochloric acid, and heating for several hours at 100° C . ; it is then neutralised 
with Na^COj, and shaken with ether. On distilling the ■ ethereal solution, the 
chlorhydrin comes over at about 227° C., which is its boiling point, whilst the 
dichlorhydrin boils at 174° C. They are liquids, heavier than water, in which 
monochlorhydrin is more soluble than dichlorhydrin. They are both soluble in 
alcohol and ether. Potash converts dichlorhydrin into epichlorhidrin, C,H. 0 'C 1 , 
by removing HCl. 

351. Tetuahtdbic and Higher Polyhydric Alcohols. — Alcohols 
containing 4, 5, 6, 7, 8, and 9 hydroxyl groups are known. The number 
of hydroxyl groups present in an alcohol is ascertained by heating the 
alcohol with acetic anhydride, (CH3C0)20, and sodium acetate, when as 
many acetic acid radicles (acetyl, CH3CO) will enter into the com- 
position of the alcohol, as there are hydroxyl groups in the alcohol ; for 
example, the compound called erythnte is known to be a tetrahydric 
alcohol, because it forms an acetate containing four acetyl groups ; 

0,H3(0H), + 4(CH3C0)20 = G4H3(0CH3C0)< 4 - 4CH3COOH. 

The lowest memlser of each series of polyhydric alcohols must have at 
least as many carbon atoms as it has OH groups, otherwise one carbon 
atom would have to hold two hydroxyl groups, and the compound would 
break up (p, 556). The derivatives and oxidation products of these 
alcohols are similar in constitution to those of glycol. 

Most of the higher alcohols that are known are obtained from natural 
sources ; they are many of them sweet, and some were for long classed 
with the sugars, with which, indeed, they are closely connected. 

Erythrite, erythrdl, or phycite^C^^{ 0 'H.)^, or CH„OH'[CHOH]„‘CH„OH, is obtained 
from certain lichens, such as the SocceUa tinctoria, or OrclieCla weed, hy boiling 
with milk of lime, filtering, precipitating the excess of lime by CO^, evaporating 
the filtrate to a small bulk, and treating with alcohol, when erythrite crystallises 
out in prisms, which fuse at 126° C. and sublime at 300“, though not quite 
undecomposed. It is easily soluble in water, and has a sweet taste ; sparingly 
soluble in cold alcohol, and insoluble in ether. 

In several of its reactions erythrite resembles glycerine. When it is dissolved 
in nitric acid, and sulphuric acid added, it yields a crystalline precipitate of 
nitro-erytJirite, 6^113(1^03)4, which is explosive like nitroglycerine. 

When heated with formic acid, it yields erythro-glycd, boiling at about 200° 6. ; 
C,H„(0H)4-bH‘C00H (formic acid) = 64113(011)3 (erythro-glycol) +2H„0-f G 0 „. 

Heated with KOH, erythrite is converted into potassium oxalate and acetate ; 
G 4 H 3 ( 0 H) 4 + 3KOH = K3G3O4 -i- KG2H3O2 + H2O + 4 H„. 

If, in the treatment of the lichen, cold milk of lime be used, the filtrate, when 
saturated with 00„, gives a mixed precipitate of calcium carbonate and erythrin, 
which may be extracted by alcohol, and crystallised. Erythrin is erythrite di-orsel- 
linate, G4H6(0H)3(0G3H,03)3, and belongs to the class of ethereal salts. It appears 
to exist as such in the lichen, and is decomposed into erythrite and c^cium 
orsellinate when boiled with calcium hydroxide. Erythrite appears to exist ready 
formed in certain algcc, notably in Protococcus vulgaris. 

Arahite or arabitol, GHjOHTGHOHJj’GHjOH, is obtained by reducing ardbinose 
(q.v.) with nascent hydrogen. It melts at 102° 6. 
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Mannite, or mannitol, 0H20II‘[CB[0II]^’CiIj0II, ahexhydricalooliol, 
is a sweet substance contained in manna, from ■wMcli it may be ex- 
tracted by boiling with alcohol, when it crystallises, on cooling, in fine 
needles, fusing at 166° 0 . It is rather sparingly soluble in cold water 
and alcohol, but easily on heating, and is insoluble in ether. When 
oxidised in presence of platinum black, it yields the sugar mannose, 
C5H,,0e {q.v.), and when this is further oxidised it becomes mannonic 
acid,'GBfiE.'[GROR]^'GO^B:. 

By treatment with nitric acid, mannite is converted into an ex- 
plosive crystalline body, which is nitromannite, or mannyl hexa/nitrate, 
05Hg(N03)6, re-converted into mannitol by (NH4)jS. 

There are three varieties of mannite, distinguished by their optical 
activity : this difference will be noticed later. 

Mannite is found among the products of the viscous fermentation of 
saccharine liquors, when they are said to become voyy ; beet-root juice 
is especially liable to this change. 

Mannite is obtained artificially by the action of nascent hydrogen 
(sodium-amalgam and water) on mannose, a sugar which is the stereo- 
isomeride of dextrose, and is the aldehyde of mannite. When treated 
with HI, mannite becomes secondary hexyl iodide, 

0 H, 0 H- 0 H 0 H- 0 H 0 H- 0 H 0 H- 0 H 0 H- 0 H„ 0 H -t- 1 iHI = 

OH,- OH,- OH,- OH/OHI- OH, -f 6 H 0 H -p I,„ ; 

Mannite is an important substance in vegetable chemistry, since it occurs not 
only in manna, the dried exudation of the Ornus, or manna ash, growing in the 
South of Europe, but also in the sap of the common ash (^Fraadnus excelsior), of 
the larch, apple, cherry, and lime ; in the leaves of the syringa and privet ; in the 
bulbs of Cyclamen europceum (sow-bread), in the bark of the wild cinnamon, in 
some lichens, seaweeds, sup;ar-cane, mushrooms, celery, asparagus, olives, and 
onions. The seaweed Laminaria saccharina, or sugar-wrach, contains 12 percent, 
of mannite, which is sometimes found as an efflorescence on the surface of the 
weed. It has also been found in the root of the monkshood {Aconitum napellus). 
The Agaricus integer, a common fungus, contains when dry about 20 per cent, of 
mannite. 

Mannitane, CgHg( 0 H)^ 0 , is prepared by heating mannite to 200° C. ; C5lIs(0H),= 
C„Hs( 0 H)^ 0 -f H„ 0 , It is a viscous substance very similar to glycerol, and form- 
ing compounds when heated with the fatty acids which closely resemble the 
glycerides, and are saponified by alkalies in the same way. By long exposure 
to the action of aqueous vapour, it is converted into mannite. 

Dulcite, or dulcitol, CeHs(0H)5, is isomeric with mannite, and much resembles 
it. 'It is extracted from Madagascar manna by boiling water. It is nearly twice 
as soluble in water as mannite is, but much less soluble in alcohol. Its fusing 
point is 188° G. ; it also differs from mannite in crystalline form. 

Dulcite is found in the sap of Melampyrum nemorosum, or yellow cow-wheat ; 
also in that of the knotted fig-wort (ocropJitdaria nodosa) and of the common 
spindle-tree [Euonymus europceus). It is artificially prepared from milk-sugar, as 
mannite' is from grape-sugar. 

Sorbitol, 0,118(011)5, another isomeride of mannite, is found in the berries of 
the mountain ash {Sorbus auciiparia). It is more fusible (110° 0 .) than the others. 

II. ALDEHYDES. 

352. AiiDEHYDES, or dehydrogenated alcohols. — The aldehydes are the 
jSrst products of the oxidation of all alcohols containing the primary 

alcohoKc group • which becomes ■ + HOH. They thus 

differ from the parent alcohols by two atoms of hydrogen, and corre- 
spond with the general formula, 0 „H„„+i 0 H 0 ; thus, ethyl alcohol, 
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CHj'CHjOH, 3delds acetic aldehyde, OH^'CHO, and so on, there being 
one or more aldehydes corresponding with each of the alcohols already 
described. They readily pass by oxidation into the corresponding 

acids, the group becoming and are named after the 

acids into which they are converted. Since the oxidation of primary 
alcohols to aldehydes consists merely in the removal of H^, and since 
the aldehyde in all its reactions appears to still contain the alkjd 
radicle which was contained in the alcohol, the above view of the 
constitution of these compounds may be presumed to be correct. It is 
supported by the fact that when an aldehyde is made to react with POI5 
the oxygen atom is replaced by ttoo chlorine atoms, CHj' OHO + POl, = 
OHj' OHOlg + POOI3, showing that the aldehyde cannot contain the 0 
in the form of OH. For when a compound containing OH reacts with 
PGl^, the OH is replaced hy Cl and HGl is a gn'oduct of the reaction, e.g., 
OHj- OH3OH + POI5 = 0H3- OH3OI + P0013 + HOI. Position isomerism 
can only occur in the radicle of the aldehyde ; thus, in the general 
foi’mula, B'OHO, E. may occur in isomeric forms, but there are no 
secondary and tertiary aldehydes in the sense that there are secondary 
and tertiary alcohols. 

The general reactions and niethods of preparation of the aldehydes 
will be gathered from a description of the best known member of the 
series, the reactions of which are identical with those of the majority of 
the other aldehydes. 

Acetic aldehyde, OHj’OHO, is obtained by distilling alcohol with 
potassium dichromate and sulphuric acid. The process requires much 
care, on account of the violence of the action and the volatility of the 
aldehyde. Three parts of potassium dichromate, in crystals free from 
powder, are placed in a flask or retort surrounded by ice (or by a 
mixture of sodium sulphate crystals with half their weight of HOI), and 
a mixture of 2 parts ordinary alcohol, 4 parts sulphuric acid, and 1 2 
parts of water, also previously cooled in ice, is added. The flask or 
retort is then connected with a condenser containing iced water, and 
the refrigerating mixture removed, when the aldehyde will generally 
be distilled over bj" the heat attending the reaction. The impure 
aldehyde thus obtained is mixed with twice its volume of ether, placed 
in a bottle surrounded by ice, and saturated with dry ammonia-gas. 
The ammonia combines with the aldehyde to form a crystalline com- 
pound, aldehyde-ammonia, OH3' OH(OH)(NHj), which is sparingly soluble 
in ether ; this is drained upon a filter, and distilled with diluted sul- 
phuric acid in a flask or retort, heated by a water-bath, and connected 
with a condenser filled with iced water. The aldehyde may be freed 
from water hy standing over fused calcium chloride, and distillation. 

The preparation of aldehyde illustrates the use of K^OrjOj and 
H,SO^ as an oxidising agent upon organic bodies. Heglecting certain 
secondary reactions, the production of aldehyde may be represented by 
the equation — 

3 CjH 50 H-!-E„Cr„ 0 ,-l- 4 H„S 0 ^ = 3GH3CH0-f7H30-t-2KCr(S0J, 

Chrome-alum. 

On a large scale, aldehyde is obtained as a bye-product in the manu- 
facture of alcohol, when it comes over with the first portion of the 
distillate. Commercial alcohol generally contains a little aldehyde. 
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Aldehyde may also be obtained by distilling a mixture of an acetate 
and a formate — 

CHj-COOK + H-COOK = CH/CHO + KO-COOK 
. . Potassium Potassium Aldehyde. Potassium 

acetate. formate. carbonate. 

Tbis illustrates a general reaction for obtaining aldehydes, by distilling 
tbe salts of tbe corresponding acids together with a formate ; the cal- 
cium salts are best adapted for tbe purpose. 

Properties of aldehyde. — Sp. gr. o.8o at o° 0 .; boiling point 20°.8 0 . 
Aldehyde has a peculiar acrid odour, which affects tbe eyes. It mixes 
in all proportions with water, alcohol, and ether. It has a great dis- 
position to combine with oxygen to form acetic acid : OHg* OHO -f O3 = 
CHj'OOOH-fHjO. Hence aldehyde acts as a reducing agent, and one 
of the tests for it is tbe reduction of silver nitrate to the metallic state. 
If a few crystals of aldehyde-ammonia be dissolved in water, a little 
sUver nitrate added, and a gentle heat applied, the silver will he 
deposited on the sides of the flask or tube, giving them the reflecting 
power of a mirror. 

Another characteristic property of aldehydes is that of forming crys- 
talline compounds with hydrogen sodium sulphite (sodium bisulphite). 
If aldehyde be mixed with a saturated solution of NaHSOj, it forms a 
crystalline compound, 2(02H^0‘NaHS03).H20, from which the alde- 
hyde may be obtained by distillation with either acids or alkalies. 

When mixed with potash, and gradually heated to boiling, most of 
the paraffin aldehydes yield brown-yeUo\v substances of -peculiar odour, 
known as aldehyde resins ; their chemical constitution is uncertain. 

A general test for aldehydes is their power of restoring the red colour 
to a solution of a salt of rosaniline which has been bleached by sul- 
phurous acid. 

Nascent hydrogen (water and sodium amalgam) converts aldehyde 
into alcohol; OH3-OHO-t-H3 = OH3-OH3-OH (alcohol). 

The aldehydes are characterised by their tendency to combine as a 
whole with other compounds. This appears to be owing to the facility 
with which they pass into derivatives of the ethylidene glycols, the 

group • C readily becoming • 0 H<^^ . These glycols have no sepa- 
rate existence, because, being of the type E.-CH(0H)3, that is, having 
two OH groups attached to the same carbon atom, they are unstable 
(P- 55^)5 they might be expected to be formed when those dihalogen- 
substitution products of the paraffins which contain two halogen atoms 
attached to the same carbon atom, are treated with alkalies (cf p. 556) ; 
this reaction, however, results in the formation of the aldehyde and 
water. For example, when ethylidene chloride, OHg* OHOl^, is treated 
with alkalies it yields aldehyde and water, OH • CHOI, -{- 2 AgOH = 
0H3-0H0 + H„0 + 2Ag01. 

It will be noticed that the formula given above for the ammonia- 
aldehyde represents it as an cumido-ethyVidene glycol. The compound 
with sodium bisulphite is probably ethylidene glycol sodin/m sulphonate, 
CH3-0H(0H)(S0,0Na). 

The aldehydes combine with hydrocyanic acid to form ethylidene cyanohydrins, 
e.g., CH3-CH{0H)(CN). They react with alcohols to form alkyl derivatives of 

» So called to distinguish it from its isomeride ethylene chloride, OHzOl-CHoCl which 
also has a right to the title dichlorethane. 
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ethylidene glycols ; thus, acetic aldehyde forms acetal, CH3'CH(OC3H5)„, a liquid 
which boils at 104° 0. and is found in old wine and in the last runnings of spirit 
distilleries: OHj* CH0 + 2C„H50H=CH3* CHCOOjHjj^ + HOH. 

Other characteristic reactions of the aldehydes are the formation of 

aldoximes by reaction with hydroxylamine (p. 158) ; CH3'CH:0 + H3:;N'0H= 


HOH + CHj'CHrN'OH {acetaldoxime) ; and the formation of liyclrazones with 
phenylhydrazine ; OH3-CHO + H„:N-NHC.H.=HOH + CH3-CH:N-NHC3H3 {acet- 
aldehyde hydrazone). 

When there is no other compound with which aldehyde can combine 
it tends to combine with itself, that is, to undergo polymerisation, which 
consists in the combination of several molecules to form one molecule. 

For example, perfectly pure acetic aldehyde can be kept unchanged, but in the 
presence of a very little dilute acid or of zinc chloride it is converted into aldol, 
C4H3O2, which is a (secondary) alcohol-aldehyde, CHj" CHOH‘ CH„‘ CHO {hydroxy- 
butyric aldehyde) ; this resembles aldehyde in appearance and general reactions, 
but its sp. gr. is 1.120 and it boils, under diminished pressure, at 100° C. ; it 
becomes viscous on standing. A condensation of two or more molecules in this 
way occurs in many other compounds, and is always termed, by analogy, an aldol 
condensation. 

By adding a drop of strong H3SO4 to aldehyde, much heat is evolved and the 
liquid becomes specifically heavier (sp. gr. o.go at 20° C.) : this liquid is paraldehyde, 
C3H.3O3, or .CH^0-CH(CH3)\ 0 

It boils at 124° 0 . and melts at 10° C. ; it is less soluble in hot water than in cold 
water, and when distilled with dil. H^SO^ it becomes aldehyde again. Metaldehyde 
is a stereoisomeride of paraldehyde, produced in the same way, but at 0° 0. 
It forms white crystals, insoluble in water, but soluble in ether and in alcohol ; it 
sublimes when heated to 112° C., without melting, and when heated in a sealed 
tube at 116° 0., it becomes aldehyde again ; the crystals are said to become 
brittle and opaque after a time, owing to a further polymerisation to CjHjjO^, 
tetraldehyde. 

Aldehyde, in the form of paraldehyde, and some of its derivatives, 
such as acetal {v.s.), are used as soporifics {cf. chloral). Aldehyde also 
finds application in the manufacture of dyes. 

353. The chief aldehydes at present known are shown in the following table.* 
They are prepared by heating the calcium salt of the corresponding acid with 
calcium formate (see p. 563). 


Chemical Name. 
Formic aldehyde 
Acetic ,, 

Propionic „ 

Butyric ,, 

Valeric „ 

Caproic ,, 

(Enanthic ,, 

Caprylic ,, 

Rutic „ 

Laurie „ 

Myristic „ 

Palmitic ,, 

Stearic „ 

Glyoxal „ 

Glyceric „ 

Acrylic „ 

Crotonic ,, 

Benzoic 


Source. 

Oxidation of methyl-alcohol 
„ ethyl 

„ propyl 

„ butyl „ 

„ amyl „ 

f Distillation of calcium formate 1 
I with calcium caproate . J 
Distillation of castor oil . 


Oil of rue 


Oxidation of glycol . 

„ glycerol 

„ allyl alcohol 

Bitter-almond oil 


Formula. 

H • CHO (-21°) 
OH, • CHO (21°) 
C3H3 -CHO (49°) 
C3H, -CHO (74°) 
C4H3 -CHO (102°) 

C3H,, -CHO (128°) 

C3H,3 -CHO (155°) 

C,H,3 -CHO (160'’) 
CgH.j -CHO — 
C„H23-CH0 [44.5°] 
C,3H3,-CH0 [52.5°] 
C,3H3, -CHO [58.5°] 
C„H33-CH0 [63.5°] 

CHO • CHO — 
C„H 30 • CHO — 
C;H3 -CHO (52.5°) 
CX -CHO (104°) 

CX -CHO (179°) 


• The boiling points are in round brackets (...), the melting points in square brackets 
[...], Centigrade scale. 
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"Chemical Name. Source. 


Cinnamic aldehyde 
Salicylic „ 
Cuminic „ 

Anisic „ 
Vanillic „ 

Pyromucic „ 


Oil of cinnamon 
„ meadcw-sweet 
„ cumin 

cLQlSO ■ • • 

Vanilla pods 

Distillation of bran with dilute 
sulphuric acid 


ITormula. 

C„H, •CH0(246‘’) 
G„H,0 • GHO (196°) 
C,H„ -GHO (235°) 

C,H,0 •CH0(248“) 
C,H,0„-CH0 [8o°] 

C.H^O-CHO [162°] 


354. Formic aldehyde, or methyl aldehyde, H'CHO, is a gas which condenses' 
to a liquid, boiling at —21° C. A solution of it in methyl alcohol is obtained by 
passing a mixture of the alcohol vapour and air over a red-hot platinum wire, and 
condensing the product, CH^' OH -h 0 = H* GHO + HOH, It is now made on a large 
scale and sold in solution in water (40 per cent.) as an antiseptic, under the name 
oi formaline, a liquid of suffocating odour. It reduces ammoniacal silver nitrate. 
It is formed to a small extent wheu'Calcium formate is heated with calcium formate, 
i.e., when this compound is destructively distilled. It is most conveniently 
prepared by cautiously oxidising methyl alcohol with MnOo and HjSO^, when one 
part of the alcohol is oxidised to formic aldehyde, which then combines with the 
rest of the alcohol, yielding methylal, GH2(OGH3)2 {dimethyl ethylidene glycol), 
a liquid (b. p. 42° G.) used as a soporific ani as a solvent ; when this is distilled 
with dilute acids it yields formic aldehyde and methyl alcohol. When an aqueous 
solution of formic aldehyde is evaporated over sulphuric acid, the polymeride 
irioxy methylene ox paraformaldehyde, G5H5O3, is formed. When heated, this begins 
to volatilise at 100° G., fuses at 152° G., and is converted into the gaseous alde- 
hyde ; if this be collected over mercury it becomes gradually re-converted into the 
polymeride. When formic aldehyde is allowed to remain in contact with lime water 
it undergoes a polymerisation which produces/ormose, a mixture of sugars, GjHjjOj. 
This change is of great importance, as it leads to methods for synthesising sugars ; 
since it is claimed that formaldehyde occurs in the chlorophyll cells of some 
plants, this compound may represent the first stage in the synthesis of sugar by 
the plant from COo and HjO. 

Acetic, propionicj and butyric aldehydes occur among the products of the oxidis- 
ing action of a mixture of manganese dioxide with sulphuric acid upon albumin, 
fibrin, and casein. 

Valeral, or isovaleric aldehyde, has a characteristic and oppressive smell of 
apples. It has sp. gr. 0.82, and boils at 95°.$ G. 

QSnanthic aldehyde, or mnanthol, GgHjj’CHO, is extracted by hydrogen sodium 
sulphite from the liquid obtained by the destructive distillation of castor oil. 
It has a nauseous odour, sp. gr. 0.827, and boiling point 155° G. 

355. Of the aldehydes derived from the alcohols of the olefines and acetylene series, 
acrylic and crotonic aldehydes alone need be mentioned. 

Acrolein, ox^ acrylic aldehyde, GH2:GH'GHO, the aldehyde of allyl alcohol, is pre- 
pared by distilling glycerine with twice its weight of hydrogen potassium sulphate 
(bisulphate of potash), which abstracts the elements of two molecules of water ; 
C3H5(0H)3=G„H3'GH0-1-2H„0. The crude acrolein is shaken with PbOj to remove 
SO„, and rectified over CaGl„ to remove the water. 

Acrolein is distinguished fey a very powerful irritating odour. It is a liquid of 
sp. gr. 0.84, boDing at 52° G. It dissolves sparingly in water, but easily in alcohol 
and ether. ^ Unlike most aldehydes, it does not combine with NaHSOj; but it 
forms a resinous^ body with potash and soda, and reduces ammoniacal AgNOj, 
which converts it into acrylic acid, GJHa’GOoH. Sodium amalgam and water 
(nascent hydrogen) convert it into allyl alcohol, GoHj'GH^OH. When kept, 
acrolein becomes a white solid, disacryl, which appears to be polymeric with it, 
but cannot be reconverted. HGl gas passed into acrolein converts it into a 
crystalline body, GjH^O'HGl, which, when distilled with potash, yields rnetacrolehi, 
^0^1 3’ corresponding ■with paraldehyde. This is crystalline, m. p. 50° G., and 
becomes acrolein at 160° G. It is nearly insoluble in water, but soluble in alcohol, 

Orotonic aldehyde, CH3’GH:CH'GHO, is prepared by heating acetic aldehyde to 
100° G. for two days in contact udth ZnGL and a little water. The ZnGl., acts as 
a dehydrating agent; 2(GH3-CH0) = H „0 + G3H3-GHO, [aldehyde condensation). 
The unchanged aldehyde is distilled off, some water added, and the distillation 
^ continued, when ■water and crotonic aldehyde distil over. It has an irritating 
odour like acrolein, boils at 104° G., and is sparingly soluble in water. When 
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oxidised by air or silver oxide, it yields crotonic acid, CjHg' CO„H. It occurs in 
some kinds of fusel oil, 

355«.. Aldehydes eeom Polyatomic Alcohols. — These may be di- or 
poly -aldehydes and aldehyde-alcohols; the latter are of much importance, 
since it has been proved that several of the sugars can be regarded as 
belonging to this class of substances. The sugars will, however, receive 
notice later. 

Glyoxal, or oxalic aldehyde, CHO'CHO, is prepared by slowly oxidising acetic 
aldebyde',with dilute nitric acid. It occurs among the products of the regulated 
action of nitric acid on alcohol and glycol. (See page 557.) 

It is a deliquescent solid, soluble in water, alcohol, and ether, forming a crys- 
talline compound with NaHSOj, and reducing silver nitrate, becoming oxidised 
to oxalic acid, C02H’C0.jH, and glyoxalic acid, CHO’COoH. Potash and soda 
convert it into a yellow resinous body. With ammonia, it yields glycosine — 
s ^ 3C2H2O2 -b 4NH3 = 6H2O + N,(02H„)3. 

Glyceric aldehyde, CH„OH‘CHOH‘CHO, is an aldehyde-alcohol obtained by the 
careful oxidation of glycerine (p. 559). By condensation it is converted into 
acrose, one of the sugars. 

356. Aldehydes from the Aromatic Alcohols. — Benzoic aldehyde, 
or hitier-almond oil, OgH^’CHO, was originally made by distilling the 
moistened bitter-almond cake from which the fixed oil had been extracted 
by pressure. The cake was placed in a perforated vessel and subjected 
to the action of steam, ivhich carried over the oil and deposited it as a 
heavy layer on standing. 

The bitter-almond oil does not exist ready formed in the almond, 
but is a product of the decomposition of the bitter substance, amygdalin, 
GjgHjyNOjj, of which the bitter almond contains about 5 per cent. 
This substance is a glucoside, and is decomposed, in the presence of 
water and of a peculiar albuminoid ferment present in the almond 
and known as emulsin,* into glucose, bitter-almond oil, and hydrocyanic 
acid, 02gH3,N0ii-}-2H20 = 20gHj30g-}-0;Hg0-fH0K The presence of 
hydrocyanic acid renders the crude oil of bitter almonds poisonous. It 
may be purified either by re-distilling with lime and ferrous chloride, 
when the HON is converted into a ferrocyanide ; or by shaking it with 
an equal volume of a strong solution of hydrogen Sodium sulphite, 
which combines with the benzoic aldehyde to form a crystalline compound, 
from which the pure oil may be obtained by distillation with sodium 
carbonate. 

Bitter-almond oil is now made artificially from toluene. When 
chlorine is passed into boiling toluene, preferably in sunlight, henzal 
chloride, CgICg’OHClg, is produced. By heating this with lime under 
pressure, it is converted into bitter-almond oil — 

Ca(OH)„=CaCI„ + H „0 + CgHg-OHO. 

Benzoic aldehyde is a colourless or pale yellow liquid, of characteristic 
odour, boiling at 179° C., and of sp. gr. 1.05. It is very sparingly 
soluble in water, but dissolves in alcohol, and is precipitated on addition 
of water. Tt is often sold in alcoholic solution. The oxidising action 
of air gradually converts benzoic aldehyde into crystals of benzoic acid ; 
CgHj' OHO + O = OgHg' OOgH. The pi'esence of hydrocyanic acid retards 
this conversion. It has less reducing action on metallic salts than is 

* The iterms zymase, enzyme, and hyclrolyst have been applied to such unorganised 
ferments. 
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exerted by tbe aldehydes of the acetic series. Benzoic aldehyde is dis- 
solved by a strong solution of sodium sulphite, and if dilute sulphuric 
acid be added, drop by drop, to this solution, it presently deposits volu- 
minous crystals of the compound of benzaldehyde with the acid sulphite, 
OjHgO-NaHSOa ; the crystals dissolve on heating, and are deposited 
again on cooling. 

In contact with solution of ammonia, benzoic aldehyde is slowly con- 
verted into a crystalline mass of hydrohenzamide — 

OHO) + 2NH3 = (CgHg-CHljNo + sH^O. 

This reaction distinguishes the aromatic aldehydes from the aldehydes of the 
oyen-chain series, which simply combine with ammonia (p. 562). 

They also differ from the majority of the fatty aldehydes in pot resinifying 
with alkalies, but undergoing simultaneous oxidation and reduction, so that the 
corresponding alcohol and acid are both produced (p. 553)- 

A good method of identifying bitter-almond oil is to heat it in a test-tube with 
a piece of caustic potash, to dissolve the cooled mass in water, and add HCl, 
which precipitates feathery crystals of benzoic acid. 

When bitter-almond oil is heated with a strong solution of hydriodic acid in a 
sealed tube, it is converted into toluene ; C„H 5 'CH 04 - 2 HI = CeH5'CH3-fH20-(-l2. 

The crude oil of bitter almonds contains benzoine (q.v.). 

Benzaldoxime, CgHs'CHrN'OH, exists in a liquid or a- form and a solid or /?- 
form. These are stereo-isomerides (see acetoximes). 

Cinnamic aldelttjde, CgHj- CH: CH- CHO, occurs in the essential oils of cinnamon 
and cassia, and is very similar in its chemical properties to benzoic aldehyde. 
When oxidised, it yields cinnamic acid, CgH,'CO„H, and with ammonia it gives 
cinnhydramide, (09H,‘CH)3N„. 

Cinnamaldehyde may also’ be obtained by mixing benzoic and acetic aldehydes, 
and passing HOI gas, which acts as a dehydrating agent — 

CgHg-OHO + CHj-CHO = OgH,-CHO + H^O. 

357. I \ 2- Salicylic aldehyde, CgH4(OH)‘CHO, or oil of spiraa (meadow-sweet), is 
made by distilling salicin (from willow-bark) with potassium dichromate and sul- 
phuric acid. It was pointed out (at p. 554) that salicin, when boiled with dilute 
sulphuric acid, yields glucose and salicylic alcohol ; this is oxidised by the chromic 
acid and converted into salicylic aldehyde. 

Salicyl aldehyde is a colourless fragrant liquid, of sp. gr. r. 17 and boiling point 
196° C. It is sparingly soluble in water, but dissolves in alcohol. Its solution 
gives an intense violet colour with ferric chloride, and it stains the skin yellow. 
It resembles benzoic aldehyde in its behaviour with ammonia, which converts it 
into hydrosalicylamide, (C6H50'CH)3'N„ ; but it differs from benzoic and cinnamic 
aldehydes by easily combining with alkalies to form compounds in which an atom of 
hydrogen is displaced by the metal ; thus, CgHgO • CHO KOH = CgH^OK' CHO + H„ 0 . 
This reaction indicates that salicyl aldehyde is hydroxybenzaldehyde,Gg'EL^[ 0 'H.y CHO, 
and since the OH group is attached to the benzene nucleus, the compound is a 
jdtcnol-aldehyde, as indeed is indicated by its reaction with Fe„Clg. 

A general reaction for obtaining hydroxybenzaldehydes consists in heating the 
corresponding phenol with chloroform and an alkali ; thus salicylic aldehyde is 
produced when phenol is heated with chloroform and KOH — 

CgHg-OH + CHCI3 + 4KOH = CgH,(OK)-CHO + 3KCI -{- 3HOH. 

The potassium derivative may be distUled with dilute acid to obtain the aldehyde. 
A mixture of CHCI3 and KOH is potential potassium formate : — CHCl3-)-4KOH=: 
H’COOK-f 3KCl-f2HOH ; so that probably the reaction may be regarded as one 
between phenolandpotassiumformate, CgHjOH -(- H' COOK = 0 ‘H,( 0 K)- CHO -fHdH. 

When I ; 2-monomethyl pyrocatechol (guiacol), C6H4(OCH,)(OH), a derivative of 
1 : 2- dihydroxybenzene issimilarlytreatedityields vanillin, C6H,(OCH3)(OH)-CHO 
[OCH3 : OH : CHO = 1:2:4] or methyl protocatechuic aldehyde. Vanillin is extracted 
from the pods of Vanilla planif alia, a Mexican orchidaceous plant, by boiling them 
with alcohol. It forms needles, melts at 80° C., and sublimes. It is sparingly 
soluble in water, and is characterised by its aromatic taste and odour, being much 
used for flavouring. It is now made artificially by the oxidation of coniferine 
chromic acid. Coniferine is a crystalline glucoside extracted from 
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pinewood ; when oxidised it yields glycovanillin, the glucoside of vanillin, 
C6H3(0CH3)(0 • CgHjjOs) ■ CHO, which yields glucose and vanillin on hydrolysis. It 
is said that vanillin is now obtained directly from benzaldehyde. 

Oiiminic, or cumic aldehyde, or cuminol, is 1:4- isoprojpylhenzdldehyde, CjH-' 
CHO, and occurs in the aromatic oils of cummin, caraway, and water-hemlock, all 
umbelliferous plants ; it is extracted from the oil by shaking with solution of 
NaHS03, which forms a crystalline compound with it. It is liquid, fragrant, and 
boils at 235° C. 

Anisic aldehyde, 1:4- CgH^(OCH,)'CHO, is prepared by heating the essential 
oils of anise and fennel (both umbelliferous plants) with dilute nitric acid. These 
oils contain a -fragrant camphor-like substance termed anethol, which 

there is some ground for representing as derived from phenol, CgHj-OH, by the 
replacement of H in C^Hj by allyl, and of the H in OH by methyl, leading to the 
rational formula, C5Hj(C3H3)' OCH3. 

Anisic aldehyde is a fragrant liquid, boiling at 250° C. 

358. Pyromucic aldehyde, or furfural, C^HjO'CHO, is the aldehyde of furfurane 
{q.v.), ‘ 9 ^. It is prepared by distilling the bran of wheat, freed 

from starch and gluten by steeping in a cold weak solution of potash, with half 
its weight of sulphuric acid, previously diluted with an equal bulk of water, a 
current of steam being forced through the mixture ; the furfural distils over 
with the water, from which it maybe separated by adding common salt. A 
hundred parts of bran yield about 3 of furfural. It is a product of the hydrolysis 
of certain carbohydrates, particularly such as are jaentoses. It is also present in 
fusel oil from crude spirits. Furfural is a colourless liquid smelling of bitter 
almonds, of sp. gr. 1.17 and boiling point 162° C. It dissolves in twelve times its 
weight of water, and is freely soluble in alcohol Strong sulphuric acid dissolves 
it to a purple liquid, from which water precipitates it unchanged. It becomes 
brown when exposed to the air. Furfural combines with NaHS03, reduces silver, 
and yields an intense red colour with aniline acetate. With ammonia it behaves 
as an aromatic aldehyde, iorrmog furfuramide (C4H30*CH)3N3, in which three 
molecules of furfural have exchanged O'j for 

By oxidation, furfural is converted into pyromucic acid, C4H30'C0„H. Alcoholic 
solution of potash converts it into potassium pyromucate and furfuryl alcohol, 
O^HjO-CHjOH. 

Fucusol Is isomeric with furfural, and is prepared, in a similar way, from certain 
varieties otfucus (seaweed). 
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359. The acids are the second oxidation products of the primary alcohols. 
The group • ^ 1^6 alcohol is converted into • jj carhoxyl, 


in the acid, so that a general formula for an acid is R' COOH, where R is a 
hydrocarbon residue or radicle. This view of the constitution of acids 
is supported mainly by the three following facts : (i) Many acids can 
be synthesised from sodium-substituted hydrocarbons and OOj, sho^ving 
that the resulting acid (or its sodium salt) probably contains the hydro- 
carbon radicle and both the oxygen atoms attached to the same carhon 
atom; e.y., OH3lSla-bOOj = CHj’OOONa. (2) The monochlorohydro- 
carbons, e.g., OH3- OHjOl, can be converted by double decomposition with 
RONinto cyanides, e.^r.jCHg'OHj’O ; N, and when these are boiled with 
water the N is removed as NII3, and an acid remains ; CHg* CHj* O-N-}- 
2H0II = 0B[3-CI1,‘C00H-J-Isll3. (3) The acids contain a hydi’oxyl 

group, for, by interaction with POI5, they exchange O and H for 01 , 
h)^drogen chloride being evolved (p. 562) : 


CHj-COOH -f PCI5 = CH 3 -C 0 C 1 + P 0 C 13 + HCl. 

It will be found that the formula II- CUOH is the only formula which 
can be written for formic acid, which resembles all the other acids in its 
behaviour. 
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Isomerism among the acids is confined to the hydrocarbon radicles in 
them ; thus there ■will be two acids of the formula CgHy’ COOH, since 
there are Wo propyl radicles. 

The basicity of an acid (p. 158) is found to be limited by the number 
of OOOH groups ■which it contains, thus sho^wing that it is the H in 
this group which is. replaced, by metals to form salts. When an acid 
contains two CO„II groups, it is a dibasic acid, or if there are three 
COjH groups, it is a tribasic acid, and so on. 

The most important organic acids are enumerated in the following 
tables, arranged, as far as possible, in their proper chemical groups : — 


Monobasic acids of the acetic series, C„Il2„.).iC02B[. 


Acid. 

Formic . 

Acetic . 

Propionic 
Butyric . 

■Valmc . 

Caproic . 
(Enanthic 
Caprylic 
Pelargonic 
Eutic or Capric 
Euodic . 

Laurie . 

Cocinic . 

Myristic 
Pentadecylic 
Palmitic . 

Margaric 
Stearic . 

Balenio . 
Arachidic or Butic 
Nardic . 

Behenic . 
Lignoceric 
Hysenic . 

Cerotic . 

Melissic . 


Source. 

Bed ants, nettles 
Vinegar . 

Oxidation of oils 
Eancid butter . 

Valerian root . 

Eancid butter . 

Oxidation of castor oil 
Eancid butter . 

Geranium leaves 
Eancid butter . 

Oil of rue . 

Bay berries 
Cocoa-nut oil . 
Nutmeg-butter . 

Agaricus integer (a fungus) 
Palm oil . 

Tallow 


Formula. 


Butter ; earth-nut 
Beef fat . 

Oil of ben 
Beecb-wood tar 
Hysena fat 
Bees’-wax . 


Monobasic acids of the aci'ylic series, 
Erucic or Brassic . Colza oil {Brassica oleifera) 


H 

CO„H 

CH, 

co:h 

C3H3 

coin 

CaH, 

cb^H 

^ 4^9 

goZh 

05H., 

coin 

CcH ,3 

CO3H 


CO„H 

CsH„ 

co:h 

• C„H,3 

co:h 


co:h 

C„H^ 

co:h 

C, 3 H 3 . 

co:h 

^ 13^27 

co:h 


co;h 

CuH 3 , 

CO„H 

C.6H33 

co:h 


co;h 

C,sH 3 , 

co:h 

C„H 33 

COlH 

CcpH,. 

C03H 


CO„H 

C33H,, 

COjE 


co:h 

*^ 26^53 

co;h 

C33H33 

coin 

.iCOoH. 


Crotonic 
Angelic . 
Pyroterebic 
Damaluric 
Campbolic 
Cimicic . 
Hypogfflic 
Oleic 
Doeglic . 
Acrylic . 


Angelica root 
Turpentine 
Cow’s urine 
Camphor . 

Tree-bug . 

Oil of ground-nut 
Most oils . 

Doegling train oil . 
Oxidation of acrolein 


C,H, 

CA 

CoH„ 

C„H., 

C„H„ 

C..H3, 

C.M3 


CO„H 

co:h 

co:h 

co:e[ 

'co:s 

co:h 

co:h 

coin 

co;h 

coCh 

co.Th 


Monobasic acids of the sorbic se>'ies, 0,jll2„_3C02H. 


Tetrolic . 
Sorbic . 
Linoleic . 
Homolinoleic 
Behenolic 


Chlorocrotonic acid . 
Mountain-ash berries 
Poppy and linseed oils 
Cotton-seed oil 
Brassic acid 


. C3H3 •CO.Hj 
. C3H3 -CO^'H 
. c,3H„-co;h 
. c,.h;;-co;h 
. c..,h33 • co;h I 
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Benzoic . 
Toluic 
Mesitylenic 
Cuminic . 
Homocuminic 


Mondbasio acids of the benzoic series. 


Gum benzoin 
Toluene . 
Mesitylene 
Cummin oil 


Formula. 


Monobasic acids of the cinnamic series. 


Cinnamic 

Atropic . 

Pbenyl-crotonic 

Phenyl-angelic 

Cumenyl-acrylic 

Cumenyl-crctonic 

Cumenyl-angelic 


Storax 

Atropine 


C,H/-CO„H 


CjoHn 

OiiHjj' 

OiaHjy' 


Glycollic . 

Lactic 

Butylactic 

Valerolactic 

Leucic 


Monobasic acids of the lactic series. 
Oxidation of glycol and of alcohol 
Fermentation of milk sugar . 
Oxidation of butyl glycol 

Oxidation of leucine 


CH„(OH) 

0 „H,( 0 H) 

C;h,{OH) 

C,H,{OH) 


•CO„H 

•co:h 

•CO^H 

co;h 


C,HJ0H)-C02H 


Monobasic hydroxyacids from benzene hydrocarbons. 


Salicylic . 
Anisic 

Protocatechuic 
Phloretic . 
Vanillic . 
Tannic 
Gallic 
Caffeic 
Quinic 
Ellagic 


Oil of winter green , 

,, anise .... 

Decomposition of resins by KOH 
„ phloretin „ 

Oxidation of vanillin . 

Gall-nuts 


Coffee 

Cinchona bark 
Bezoar stones 


’ CO„H 

C,H,(0CH3) -co'h 

CsH.COH), • C 0 „H 

c„H3(CH3)(:och3)-co:h 
C3H,(0H)(0CH3)-C0„H 


CjsHpO, 

CeH3(0H)3 

OaH„ 0 , 
GlsHgOg . 


•CO„H 

•CO'JI 

• co:h 


Acids 2>roduced by oocidation of carbohydrates. 

Saccharic. . Oxidation of sugar). C H 0 (00 HI 

Mucic j . „ gum j ' ' ■ 4 8 4I 2 A 


Pyromucic 
Meconic . 


Oxalic 
Malonic . 
Succinic . 
Pyrotartaric 
Adipic 
Pimelic 
Suberic 
Azelaic 
Sebacic . 
Brassylic . 
Eoccellic . 


Fumaric • 
Malseic 
PjTOcitric . 
Itaconic . 
Citraconic 
. Mesaconic 
Hydromuconic 


Acids from closed chain comimimds. 

. Distillation of mucic acid . . C4H3O • CO2H 

. Opium C3H(0H)0„(C0„H), 

Dibasic acids of the oxalic series. 


Wood sorrel .... CO„H-CO„H 

Oxidation of malic acid . . . CH„ (CO„H)., 

Amber C„H^ (COIh); 

Distillation of tartaric acid . C3H3 (CO„H)„ 

Oxidation of oleic acid . . C^Hj (COoH)! 

„ „ . . . C.,H.„ (C 0 ;H )3 

. „ cork . . . CjHjj (C02H)2 

„ castor oil . . C.Hjj (C0„H)3 

Distillation of oleic acid . . CgHij (OOjH)! 

Oxidation of behenolic acid . CgHjg (CO^H)! 

Boccella tinctoria . . . C,3H33(C02H)2 

Dibasic acids of the fwniaric series. 

Fumitory . . . ) r w 

Distillation of malic acid | ‘ - 

,, citric acid ) 


. „ cork 
„ castor oil 
Distillation of oleic acid 
Oxidation of behenolic acid 
Boccella tinctoria 


03H„(C03H)„ 


Mucic ’acid 


03H,(002H)„ 

O.H^COO^H)^ 
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Dibasic acids of the tartaric series. 

Acid, Source. formula. 


Tartronic . 
Mesoxalic . 
Malic 

Tartaric . 
Racemic . 

, Oxidation of grape sugar. 

„ uric acid 

Unripe apples .... 
Grape juice 1 

M / 

. CH(OH) (CO.,H)„ 
. C( 0 H )3 (CO 3 H); 

.. . 0 „H 3 ( 0 H)(C 0 „H)„ 

. C3H„(0H)„(C0„H)3 

Dibasic acids from oxidation of hydrocarbons. 

Phthalic . 
Isouvitic . 
Cumidic . 

Oxidation of naphthalene 
Gamboge fused with KOH 
Oxidation of durene 

. C^H.CCO^H)^ 

. C,H 3 (C 0 „H )3 

. C3H3(CH3)3(G03H), 


Tribasic vegetable acids. 


Tricarballylic . 
Citric 

Aconitic . 

Beetroot 

Lemon-juice .... 
Monkshood .... 

. C3H3(003H)3 

. C 3 H,( 0 H)(C 03 H )3 

. 03H3(C03H)3 


Acids containing nitrogen. 


Hydrocyanic 
“Picric” . 
Hippuric . 

Uric . 

, Fermentation of bitter almonds 
, Nitration of phenol . 

, Horse urine .... 

, Human urine .... 

CNH 

. C^HJNOoljOH 
. C 3 H 3 N 0 -C 0 „H 
. C3H,N,03 


360. Acids from Monohydric Alcohols op the Paeafpih 
Hydrocarbons (Acetic or Patty Series). — Formic acid, H’OO^H, is 
prepared by distilling oxalic acid with glycerine. 30 grammes (or one 
ounce) of crystallised oxalic acid and 200 cubic centimetres (6.5. fluid 
ounces) of glycerine are heated, in a half-litre (or pint) flask provided 
with a thermometer and condenser, to about 80° C., when formic acid 
distils over together with the water of crystallisation of the oxalic acid, 
and carbonic acid gas is evolved } COjH' OO^H = H’ GOgH + CO^. When 
the evolution of 00^ ceases, a fresh quantity of oxalic acid may be intro- 
duced and the operation continued, the same glycerine serving for the 
conversion of a large quantity of oxalic acid. The formic acid first 
produced converts the glycerine into monoformin — 

C3H5(0H)3 + H-CO„H = C3H5(0H),(C0„H) + HOH. 

The monoformin is then decomposed by the water of crystallisation of 
the oxalic acid, the equation being reversed, and glycerine being repro- 
duced. By continuing the process, formic acid of 56 per cent, may be 
obtained. To prepare the pime acid, this is neutralised with lead oxide, 
the lead formate crystallised, dried, and heated to ico° C. in a current of 
dry HjS ; (H' 00,)2Pb H^S = 2H' COgH -t- PbS. The formic acid is care- 
fully condensed and redistilled with a little lead formate to remove H^S. 

Pormic acid was originally obtained from ants. It occurs in nettles 
and other plants, in some animal fluids, and occasionally in mineral 
waters. 

It has been obtained synthetically by heating caustic alkalies to 
. 100° 0 . in carbonic omde ; CO + KOH = H-CO,K (potassium formate) ; 
again, potassium, acting on carbon dioxide in pi-esence of water, yields 
acid potassium carbonate and potassium formate — 

2 CO., + ILO + K„ = KHCO 3 4- H-CO„K. 

Pormic acid is also produced in other reactions in which carbonic acid 
is acted on by reducing agents. Carbonic acid may be regarded as hydroxy- 



572 


VINEGAE. 


foi'mic acid, HO* 00 , 11 , that is, formic acid, H’OOjH, in which H is 
replaced by OH. When starch and other organic bodies are violently 
oxidised, they yield carbonic acid, but if they are gradually and quietly 
oxidised, they yield formic acid. The quiet oxidation of organic bodies 
is often effected by heating them with MnO, and dilute H^SO^. 

Pormic acid is also formed when hydrocyanic acid is hydrolysed by 
boiling it with dilute acids, H* ON + 2HOH = H* OOjH + NHj. 

Po'operties of formic acid,. — Odourless liquid, fuming slightly in air 
and of pungent smell ; it blisters the skin. Formic acid boils at 99°.9 0 . 
and melts at 9°. Its sp. gr. is 1.22 at 20°. The diluted acid boils 
at a higher temperature ; an acid of 77 per cent, boils at 107°. 

The formates are all soluble in water; their solutions yield a red colour 
with ferric chloride, and reduce silver from the nitrate, when boiled with 
it, on account of the tendency of formic acid to become carbonic (hydroxy- 
formic) acid. Solid formates evolve carbonic oxide (burning with a blue 
flame) when heated with strong H,SO^, which removes the elements of 
water ; H'COjH = HOH + CO. A formate heated with excess of baryta 
yields the oxalate ; (H00,)3Ba = (C0„)2Ba + H,. 

Formic acid is used in making some of the coal-tar dyes. 

361. Acetic acid, or methyl- formic acid, CHg^CO^H, is obtained by the 
destructive distillation of wood or of sawdust, or spent dye-woods. The 
aqueous layer in the condenser (p. 548) is neutralised by sodium car- 
bonate, and the methyl alcohol and acetone are distilled off. The 
evaporated liquor deposits impure crystals of sodium acetate, which are 
heated to expel some tarry matters, and distilled with H^SO^, when 
acetic acid passes over ; OHg* COjNa -i- HjSO^ = CHg* COgH + NaHSO^. 
The crude acid from wood is termed pyroligneous acid. 

Acetic acid is also made by the oxidation of alcohol for the produc- 
tion of vinegar; CHj’OHg-OH (ethyl alcohol) -f 0, = C Hj* COgH -j- H^O. 
But this equation cannot he realised unless some third substance he 
present. It was seen at p. 547 that platinum black would answer the 
purpose, and in some chemical works this process has been employed 
for makiug acetic acid. Weak fermented liquors, such as beer and the 

lighter wines, are very liable to 
become sour, which is never the case 
Avith distilled spirits, however much 
diluted. This is due to the presence 
in the fermented liquid of albuminous 
(nitrogenised) matters and salts, which 
afford nourishment to a microscopic 
organism, termed Mycoderma aceti, 
which appears to convey the oxygen 
of the air to the alcohol. 

Quiclc vinegar process . — A weak spirit 
mixed with a little yeast or beet-root 
juice, heated to about 27° C., is caused to 
trickle slowly from pieces of cord fixed 
in a perforated shelf over a quantity of 
wood shavings previously soaked in 
vinegar to impregnate them with the 
mycoderm or acetic ferment. The shavings are packed in a tall cask (fig. 273) in 
which holes have been drilled in order to allow the passage of air. The oxidation 
of the alcohol soon raises the temperature to about 38° C., which occasions a free 




ACETATES. 


573 


circulation of air among the shavings. The mixture is passed^ three or four times 
through the cask, and in about thirty-six hours the conversion into vinegar is 
completed. If the supply of air be insufficient, alcohol is lost in the form of 
aldehyde vapour, the irritating odour of which pervades the air of the factory. 

White-wine vinegar is prepared from light wines by a similar process. Malt 
vinegar is made from infusion of malt fermented by yeast with free contact of 

air. j. . T 

Vinegar contains, on an average, about 5 per cent, of acetic acid. Its aroma is 
due to the presence of a little acetic ether. The vinegar of commerce is allowed 
to be mixed with of its weight of sulphuric acid in order to prevent it from 
becoming mouldy. 

By distilling vinegar, a weak acetic acid is obtained, which may be concentrated 
by re-distilling and receiving separately the portion distilling between 1 10° and 
120° C. 

Pure acetic acid is prepared b)’’ distilling 5 parts by weight of fused 
sodium acetate with 6 parts of concentrated sulphuric acid (see above). 
The distillate may be redistilled with a little MnO^ to remove SO,. 

The acid is also produced when CHjNa is treated with COj (p. 
and when methyl cyanide is hydrolysed by boiling dilute acids ; 
0H3- ON -I- 2HOH = CHy COOH -b NH 3 . 

Properties of acetic acid. — Colourless, pleasant smell, blistering the 
skin, boiling at 118° 0., and giving a vapour which burns with a flame 
like that of alcohol. Its true melting point is 17° 0 ., but it may be 
cooled far below this without solidifying, unless a crystal of the acid be 
introduced, when the whole crystallises in beautiful plates ; hence the 
term glacial acetic acid. The sp. gr. of .the pure acid is 1.063 at 18°, 
but the strength of the acid cannot, as in other cases, be inferred from 
the sp. gr., because the latter is increased by addition of water, till it 
reaches 1.079 (7° P®^ cent, of acid), when it is diminished by more 
water, so that a 50 % acid has the same sp. gr. as the pure acid. 

Acetic acid is one of the most stable of the organic acids. It is 
unattacked by most oxidising agents. When its vapour is passed 
through a red-hot tube, it yields several products, among which marsh 
gas and acetone are conspicuous. Most of its salts are soluble in water, 
so that it is not easily precipitated ; but if it be exactly neutralised by 
ammonia, and stirred with silver nitrate, a crystalline precipitate of 
silver acetate, OHj’COjAg, is obtained; viercurous acetate, 
may be obtained in a similar way. Ferric chloride added to the neutral 
solution gives a fine red colour. 

362. Many of the acetates are employed in the arts. Those formed by the 
weaker bases, such as ECjOj and AkOj, are easily decomposed by boiling with 
water, basic acetates being precipitated ; hence the aluminium acetate and. ferric 
acetate {red liquor) are much used by dyers and calico-printers as mordants, the 
basic acetates being deposited in the fabric, and forming insoluble comnounds 
with colouring matters. 

Lead acetate, or sugar of lead, (CHjC02)2Pb’3Aq, is the commonest commercial 
acetate, and is prepared by dissolving litharge (PbO) in an excess of acetic acid, 
when the solution deposits prismatic crystals of the salt. On the large scale, 
acetic acid vapour is passed through copper vessels with perforated shelves on 
which litharge is placed. Lead acetate is intensely sweet and very soluble in 
water part). Commonly, the solution is turbid from the precipitation of lead 
carbonate by the carbonic acid in the water ; a drop of aeetic acid clears it. 
The acetate is soluble in alcohol. When heated, it fuses at 75° C. and becomes 
anhydrous at 100°. The anhydrous salt melts when further heated, evolves the 
pleasant smell of acetone, and becomes again solid as a basic lead acetate, which 
is decomposed at a higher temperature, evolving CO. and acetone, and leavinv a 
yellow residue of PbO mixed with globules of lead. * 
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There are several basic lead acetates, but the only one of practical importance 
is the tribasic lead acetate, Goulard’s extract {CH3'C0„),Pb.2Pb0.H20, which is 
prepared by boiling lead acetate with litharge. It forms needle-like crystals, 
which are very soluble in water, but insoluble in alcohol. A strong solution of 
the salt is not aifected by the air, but a weak solution is rendered turbid by the 
smallest quantity of CO„in air or water. Tribasic lead acetate is very useful in 
the laboratory for precipitating tannin, gum, &c., from vegetable infusions in 
order to extract the alkaloids. 

Verdigris is a mixture of several basic cupric acetates prepared by acting on 
sheet copper with the refuse grapes of the wine-press, which yield acetic acid by 
oxidation of the alcohol ; the acid combines with the cupric oxide formed by the 
action of air upon the copper. Commercial verdigris consists chiefly of the 
compound (CHg'C0„)„Cu.Cu0.6H„0. When this is treated with water it is only 
partly dissolved, the residue having the composition (CH3‘C0„)„Cu.2Cu0.2H20. 
By dissolving verdigris in acetic acid, the normal cupric acetate may be obtained 
in crystals of the formula (CHj'COjljCu.HoO. It forms blue prisms soluble in 
water. Verdigris is used in the manufacture of colours, and in dyeing and 
calico-printing. _ _ , 

Emerald-green, ox cupric ac«fo-arsentie, (CH3’C0„)30u.Cu3(As03)2.As403, is made 
by boiling verdigris with white arsenic and water. It is used for colouring wall- 
paper and other fabrics, and is dangerous to the makers and purchasers. 

Sodium acetate, CH3‘CO„Na.3Aq, is prepared by neutralising acetic acid with 
sodium carbonate, crystallises in prisms which are very soluble in water, and 
yields one of the best examples of a supersaturated solution (see p. 48), which is 
used in foot- warmers for railway carriages, on account of the continuous evolution 
of heat during its crystallisation. It is four times as effective as an equal volume 
of water. 

The acetates of sodium and potassium are remarkable for their fusibility and 
their stability at high temperatures ; they do not carbonise so readily as do most 
salts of organic acids. Potassium, sodium, and ammonium acetates combine with 
one and with two molecules of acetic acid to form crystalline compounds. 

Calcium acetate, when dissolved in water together with CaCL, yields the com- 
pound (CH3’COO)2Ca.CaCl2.ioAq, which crystallises easily, and is sometimes 
produced for effecting the purification of crude acetic acid (Condy’s patent). 

Zinc acetate, (CH3'CO„)2Zn.3Aq, is remarkable for being capable of sublimation 
at a moderate heat, when dried. 

Acetic acid is very useful in organic chemistry as a simple solvent, 
especially for resins and hydrocarbons, such as naphthalene and 
anthracene. 

This acid is found, either free or combined, in many plants and in some 
animal fluids. It is usually among the final products of the oxidation 
of bodies containing the methyl gi’oup. 

363. Acetic acid has been produced synthetically by the following 
reactions : — (i) 0 heated in vapour of S yields CS^. (2) Vapour of OS, 
mixed with 01 and passed through a red-hot tube — 

CS, + 3CI, = S„C1, + CCl,- 

(3) Vapour of 001^ passed through a red-hot tube yields chlorine and 
tetrachloretliene ; O^Cl^. (4) OgOl^ acted on by 01 and water, in sun- 
light yields trichloracetic acid, 0,01^ -1- 01, -1- 2H,0 = 3HO] -f OOlj* OO^H. 
(5) When this last is acted on by nascent hydrogen (sodium-amalgam 
and water), it yields acetic acid ; OOlg’ OO3II Hg = OHg’ 00,H 3HOI. 

Acetic acid may also be produced from methane by the action of 
carbon oxychloride, which converts it into acetyl chloride (q.v.), a 
compound which furnishes acetic acid when decomposed by water — 

CHj -f COCL= CHg- COCl -t- HCl. CHg- COCl -1- HOH = CHj* COOH 4- HCl. 

The group OHg* CO, which remains unchanged during these reactions, 
is termed aceiyl, OjHgO, and may be regarded as ethyl, O^H^, in which 
H, have been replaced by 0". 



rnonoNic and butyric acids. 575 

There is a similar acu? radicle corresponding with eacli alcohol radicle ; 
a few examples are here given — 

Alcohol radides. 

Methyl ClI, 

Ethyl OH, •CHj 

Propyl C„H,'CH, 

Butyl C,HrCIL 

Amyl CJI^'CIL 

It will be seen later that the alcohol radicles combine in paii-s 
with oxgyen to produce ethers of the type ^'^0- *^cid i-adicles com- 
bine with oxygen in a similar manner to produce acid anhy/drides, such 
as anhydride. 

364. Acetic anln/dridc, or di-accti/l oxide, or anhydrous rtcc/i'c oci'tZ (OHa'COhO, 

is prepared by distilling acetyl chloride with an equal weight of perfectly anhy- 
drous sodium acetate; CH,COCl + CH,*COONa=(CH,'CO)jO + NaCl. It distils 

overasacolourlessliquid.smellingof acetic acid, but irritating the eyes; its sp. gr. 
is 1*073, and boiling point 137° C. It dissolves slowly in water, with evolution of 
heat and formation of acetic acid (CH,*CO)jO + 11-0 = 2(CH,*C00H). 

Acetic anhydride may also be formed by heating lead acetate P'ith carbon 
disulphide ; 2Pb(CH3‘C0-)-+ CS_.=2(CH,*C0)»0 + 2PbS +C 0 ;. 

By carefully acting on" .acetic anhydride with sodium-amalgam and water (or 
snow), it has been converted into aldehyde and alcohol — 

(CH,*C 0)-0 + 2H- = 2(0H3*CH0) + H.O.and CH,*CHO + H- = CH,*CH-*OH. 
Hence, aldehy^® sometimes termed acetyl hydride. 

Acetyl dioxide, or acetic peroxide, (CH,*C 0 )- 0 ., is obtained by adding barium 
dioxide to' an othere.al solution of acetic .anhydride — 

2(CH,*C0),0 + BaO- = {CH,*C 0 )-O, + Ba(CH,*CO„)-* 

It is an oily liquid, insoluble in water, and exploding violently when heated. It ' 
has the powerful oxidising properties which would be expected from its chemical 
resemblance to hydrogen peroxide. 

365. Propionic add, C-Hj*CO-H, is not produced upon a large scale like acetic 
acid. It is formed in the putrefaction of various organic bodies, and in the 
destructive distillation of wood and of rosin. It may be separated from formic 
and acetic acids by saturating the mixture with PbO, evaporating to dryness and 
extracting with cold water. On boiling the solution, it deposits basic lead 
propionate, leaving the basic lead formate and acetate in solution. From the lead- 
salt, the acid may be obtained by the action of H-S or H-SO,. 

Sodium propionate is obtained by the action of " CO upon sodium ethoxide, just 
as sodium formate is obtained from sodium hydroxide (see p. 571) — 

CO + C-H,*ONa = C„H,*CO„Na. 

Propionic acid, as would be expected, resembles acetic acid. Its sp. gr. is 0.991 
and it boils at 141° C. It has no practical importance. The propionates are 
mostly soluble in water, but silver propionate is sparingly soluble. Lead propionate 
is much more difficult to crystallise than lead acetate. 

Butyric acid, C-,Hj*CO-H. The normal acid {normal propyl carboxylic add) is made 
from cane sugar "by dissolving it in water (5 parts), adding a little tartaric acid 
part), boiling to convert the sucrose into glucose, and adding to the 
cooled liquid some putrid cheese (ijVth part) rubbed up in about thirty times its 
weight of milk. Some chalk (^ part) is stirred into the mixture, which is then 
allowed to ferment for a week at a temperature of 30°-35° C. The glucose, 
C,H,- 0 „ undergoes the lactic fermentation, and is converted into lactic acid, 
UsHgO,. which is converted, by the chalk, into calcium lactate, forming a pasty 
mass of crystals. After a time the mass becomes liquid again, evolving bubbles 
of hydrogen and carbon dioxide, and forming a strong solution of calcium 
butyrate, produced by the butyric fermentation. "When this is mixed with strong 
hydrochloric acid, the butyric acid rises to the surface and forms an oily layer, 


-Icirt radicles. 
Formvl CHO 

Acetyl CH,*CO 

Propionyl C..Hj*CO 

Butyryl C;H.*C 0 

Valery 1 C,h;*CO 
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■which may be purified by distillation. The passage of lactic acid into butyric acid 
is expressed by the equation 2C3H503=C3H/C0„H + 2C02 + 2Ho. 

Butyric acid is a strongly acid liquid, smelling of rancid butter, having the 
sp. gr. 0.96, and boiling at 163° C. It mixes readily with water, but separates 
again when the water is saturated with a salt. The butyrates are rather less 
soluble than the acetates. Calcium butyrate is less soluble in hot water than in 
cold. Silver butyrate is very sparingly soluble. 

Butyric acid is found in the products of distillation of wood and of some other 
organic bodies. It exists^ in the perspiration of the skin, and, as a glyceride, in 
butter, in cod-liver oil, and in some vegetable oils. 

Valeric or valerianic acid. Four of these are possible ; that commonly called 
valeric acid is isopropyl acetic acid, (CHj), : CH‘CH„‘COOH. It is prepared by 
oxidising amyl alcohol (fusel oil) with potassium dichromate and sulphuric acid. 

Valeric acid is an oily liquid smelling like old cheese ; its sp. gr. is 0.95, and it 
boils at 175° C. It is much less soluble in water than are the preceding acids, 
requiring thirty times its weight. 

The valerates are, as a rule, easily soluble in water, but the silver salt is 
sparingly soluble. Zinc valerate is used medicinally. 

Valeric acid occurs in valerian root, in the elder, in the berries of the guelder 
rose, and in many other plants ; also in some fish oils and in the perspiration. 

Normal caproic or hexoic acid, CjHji'COjH, is found in butter from cows and 
goats, and in Limburg cheese, being one cause of its odour ; it is also found in 
some plants, and in the perspiration. Caproic acid is formed, together with 
butyric and acetic acids, in the butyric fermentation described at p. 575. It may 
be separated from these by fractional distillation. Caproic acid has the sp. gr. 
0.94, and boils at 205° C. It dissolves very sparingly in water, and has a repulsive 
odour. 

The caproates of barium and calcium are rather sparingly soluble in water, and 
silver caproate is nearly insoluble. 

366. (Enanthic or heptoic acid, CgH^’CC^H, is found among the products of the 
distillation of fats by superheated steam." It may also be obtained by oxidising 
cenanthic aldehyde (oenanthol) with potassium dichromate and sulphuric acid. 

(Enanthic acid has a faint odour and sp. gr. 0.93 ; it boils at 223“ C. Many of 
the cenanthates are nearly insoluble in water. The strong solutions of the alkali, 
cenanthates become gelatinous on cooling, like solution of soap. 

Normal caprylic or octoic acid, OjHjs'COoH, is found in the fusel oil from wines, 
in old cheese, and, as a glyceride, in butter, human fat, and cocoa-nut oil. It 'is 
the first acid of this series which is solid at common temperatures, forming needle- 
like crystals or scales fusible at 16° C. and boiling at 236“. It has an offensive 
smeU, and is very sparingly soluble in water. The caprylates, except those of the 
alkalies, are sparingly soluble in water, but they dissolve in alcohol. 

Pelargonic or nonoic add, CjH^'COjH, was originally obtained from the essential 
oil of Pelargonium roseum, and is foimd among the products of oxidation of oleic 
acid by nitric acid. It is also formed when essential oil of rue, rutic aldehyde, 
CgHjj'CHO, is oxidised by nitric acid. It is an oily liquid, of faint odour, crystal- 
lising at 12° 0 . and boiling at 253°. It has the sp. gr. 0.91, and is insoluble in 
water. The pelargonates are sparingly soluble in water, except those of the 
alkalies. 

Laurie or dodecatoic add, C„Hj3’C0„H, is obtained from a fatty substance 
found in the fruit of the sweet bay (Laxirus nohilis) and in sassafras-nuts or 
pichurim leans, which are used for flavouring chocolate, and are the seeds , of 
another of the Lauraceas {Nectandra Puchury). A similar substance is found in 
the mango and in a variety of cochineal insect. The fat is saponified by boiling 
with potash, the solution decomposed by hydrochloric acid, and the separated 
fatty acid distilled, when lauric acid is found in the first fractions. 

The crystals of lauric acid fuse at 44° C. It cannot be distilled at ordinary 
pressures without decomposition. 

367. Palmitic acid, Cj.Hjj* 00 , 11 , is the first of the fatty acids, properly 
so called, ■a'hich occur as glycerides in the vegetable and animal fats, 
and form true soaps with the alkalies, such soaps being the salts formed 
by the fatty acid with the alkali-metal, characterised by easily lathering 
when dissolved in soft -vyater, by being precipitated from their aqueous 
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solutions by common salt, and by giving an oily layer of the melted 
fatty acid when boiled -with any of the common acids. 

On the largo scale, palmitic acid is made from palm-oil, as described 
at p. 558. It has also lately been manufactured by the action of 
potassium hydroxide on oleic acid. 

Palmitic acid crystallises in needles which fuse at 62° C. It is de- 
composed by distillation, except in the presence of steam. 

On the small scale, the palm-oil is boiled with potash, which converts it into 
potassium palmitate and olente ; on adding dilute sulphuric acid to the solution, 
a mixture of palmitic and oleic acids is precipitated ; this is washed, dried, and 
dissolved in hot alcohol, from which the palmitic acid crystallises on cooling, 
leaving the oleic acid in solution. Palm-oil contains the glycerides pnhm’tm and 
olein, which are saponified b}' the potash, with liberation of glycerine, as ■null be 
further explained under the head of Ethereal salts, to which the glycerides 
belong. 

The substance knomi as adipoccre, a wax-like mass which is left when animal 
bodies decompose in the earth, is a mixture of palmitatcs of calcium and 
potassium. 

The formation of palmitic acid from spermaceti has been explained at page 
S52. 

Stearic acid, CuHjy CO,H, may be prepared from suet by boiling it 
with potash, decompo.sing tlie resulting soap with liydroculoric acid, 
drjung the separated fattj'^ acids, and dissolving in the least po.ssible 
quantity of hot alcohol. This retains the oleic acid in solution and 
deposits a mixtime of stearic and palmitic acids on cooling ; the mixture 
is well pressed in blotting-paper, and repeatedly ciystallised from 
alcohol till it fuses at 69° 0 . The steai’ic acid exists in the suet and in 
most other solid fats, in the form of the glyceride stearin, mixed with 
palmitin and a little olein. "When saponified by the potash, tliese yield 
the stearate, palmitate, and oleate of potassium. 

Stearic acid is a white crystalline solid, of the same sp. gr. as water, 
fusing at 69° C., and not distilling wthout partial decomposition, except 
at low pressures or in a ciUTent of superheated steam. It is insoluble in 
water, but dissolves in alcohol and in ether. It burns with a luminous 
flame. The alkalies dissolve stearic acid on heating, forming stearates, 
which are components of ordinary soaps. White curd soap made from 
tallow and soda consists chiefly of sodium stearate, C^Hgj’COjNa, which 
may be crystallised from alcohol. It dissolves in a little water to a 
clear solution, but when this is largely diluted it deposits scaly crystals 
of the acid sodium stearate, (OjjHjj* COj)jHNa. Potassium stearate 
behaves in a similar way. The other steai'ates are insoluble. Those of 
calcium and magnesium are precipitated Avhen hard water is brought in 
contact with soap. Magnesium stearate may be crystallised from 
alcohol. 

Stearic acid mixed with palmitic acid is the material of the so-called 
stearin candles. , 

Marganc acid, CijHjj'COjH, is obtained by boiling cetyl cyanide with an alkali. 
The substance^ formerly known by this name, and supposed to exist as the gly- 
ceride margarin in natural fats, proved to be a mixture of stearic and palmitic 
acids, Margaric acid crystallises like palmitic, and fuses at 60° C, 

The oxygen in the acids and their anhydrides is capable of replace- 
ment by sulphur, just as that of the alcohols is. The products, called 
thio-adds and thio-anhydrides, c.g., OHyCOSH and (CHjOOhS, are of 
no importance at present. 
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368. General renia/rhs on the acetic series of acids. — It will have been 
noticed that, as the number of carbon atoms in the acids increases, 
the solubility of the acids in water diminishes. Acetic acid mixes with 
water in all proportions, while palmitic acid is quite insoluble. In a 
similar way, the volatility of the acids decreases, so that palmitic acid 
and those richer in carbon can only be distilled under diminished pres- 
sure or in a current of superheated steam. 

The acid strength also diminishes with the increase in the carbon 
atoms, and this is turned to account in separating the volatile fatty 
acids from each other by the method of partial saturation. Suppose it 
to be required to separate butyric and valeric acids. The mixture is 
divided into two equal parts, one of which is exactly neutralised by 
soda, yielding butyrate and valerate of sodium. The other half of the 
acid mixture is then added, and the whole distilled. Since butyric acid 
is the stronger acid, it wiU expel the valeric acid from the sodium 
valerate. If the mixture contained equal molecules of the two acids, 
the distillate would contain valeric acid only, and the residue would 
contain the sodium butyrate. If the valeric acid preponderated, the 
residue would contain both valerate and butyrate, and, when distilled 
with sulphuric acid, would yield a fresh mixture of the acids, which 
could be again treated in the same way. But if butyric acid pre- 
ponderated, the residue would be only sodium butyrate, while the 
distillate would contain both butyric and valeric acids, to be again 
treated by partial satui-ation. 

The non-volatile fatty acids may be separated from each other by 
fractional precipitation, which depends on the principle that the insolu- 
bility of their barium, magnesium, and lead salts increases with the 
number of carbon atoms. The mixture of fatty acids is dissolved in 
alcohol, and is partially precipitated by an alcoholic solution of the 
acetate of Ba, Mg, or Pb. This precipitate will contain the acid or 
acids richest in carbon. It is filtered off", and another precipitate is 
obtained ' from the solution in the same way. This will contain acids 
poorer in carbon, and so on. Each precipitate is decomposed by HOI, 
and the new mixture of acids so obtained is subjected to the same 
treatment, until the separated acid is found to have a constant melting 
point. 

The constitution of the fatty acids is disclosed when they are subjected 
to electrolysis, for they then evolve one atom of carbon as OO2 ; thus, 
acetic acid yields dimethyl (ethane), CO„ and H — 

2(CHs-C 02H) = (CH3)‘-{-2C0„-t-H„. 

Again, valeric acid yields dibutyl, CO3 and H — 

2 (C,H 3 -C 0 „H),=:( 0 ,H 3 ) 3 -{- 2CO3-1- 

To prepare an acid higher in the series from one lower in the series, 
advantage may be taken of such reactions as the following : — 

(1) CH,- CH,- OOOH -H H, = OH3- OH,- OH^OH. 

(2) 30H3- OH^- CH2OH -h PI3 = 3CH3- CH^- CH2I -i- P(OH)3. 

(3) CH3-CH,-0H,H-E:01SI =CH3-CH,-OH2-ON-f HI. 

(4) CH3- oh;- CH; 0 H 2HOH = 0H3- OH„; CH^- COOH -h HH3. 

369. Monobasic Acids feom Monohtdeic Alcohols of the Olefine 
Series (Acrylic or Oleic Series of Acids). — Acrylic acid, CH, : CH-CO,H, is 
obtained by heating acrolein (p. 565) with water and silver oxide in the dark ; 
C2H3-0H0 + Ag „0 = C2Hj-C0,H + Ag,. It is a pungent liquid, miscible with 
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vrater, and boiling at 140” G. Nascent hydrogen converts it into propionic acid, 
CjHs-COjH. Potassium acrylate, fused with potassium hydroxide, yields acetate 
and formate of potassium — 

C.,H3'C05K + KOH + H.0 = CH,-CO,,K + II-.CO,K + H,. 

Crotonic adds.— ThrcQ diflcrent acids of the formula C,IVCO„H are known, 
(l) Solid crotonic oaiW, CHj*CH : CH-CO.H, occurs in crude pyroligneous acid, 
and is obtained by oxidising crotonic aldehyde (p. S^S). silver oxide. It 
crystallises in needles, melts at 72” 0., and boils at 189“ C., its vapour condensing in 
plates. It is moderately soluble in water, and has an odour like that of butyric 
acid, into which it is converted by nascent hydrogen. Fused KOH converts it 
into potassium acetate : — CjlIj'CO.H + 2KOH = 2{CHj'C0.K) + H.. (2) Liquid 
crotonic or isocrotonic acid occurs in croton oil. When PClj acts on ethylaceto- 
acetate (j.r.) it produces j3-isochlorocrotonic acid, CHj'CH :CCl'pO„H, which, by 
treatment with nascent H, yields isocrotonic acid, this is a liquid which boils at 
172° G. and becomes converted into the solid acid at 180° C. Fused with KOII, it 
yields acetate. It appears to be a stcrcoisomcridc of the solid acid, the relation 
between the two being simil.ar to that between fumaric and malmic acids (q-u-)- 
(3) ATetJiylacri/lic acid, CIL : C(OHj)‘CO,H, occurs in chamomile oil, and has^an 
odour of mushrooms. It is prepared by a complicated process. It melts at 16’ C. 
and boils at 160° C. ; nascent H converts it into isobutyric .acid, whilst with fused 
KOH it yields propionate and formate. The acid CIL : CH’CHj'COdI does not 
appear to have been prepared as yet. 

Angelic acid, 04H,‘C0.H, is obtained by boiling angelica root (an umbelliferous 
plant) with lime and water, filtering, acidifying with sulphuric acid, and distilling. 
The acid appears to bo contained in the root as an ethereal salt, which is decom- 
posed by the lime. Chamomile flowers and some other aromatic plants also yield 
this acid. It crystallises in prisms, fusing at 45° C., and boiling at 185°. It has 
an aromatic odour, is soluble in hot water and in alcohol and ether. When boiled 
for some time, it is converted into an i.someride, tiglic acid or methyl-crotonic acid, 
C3H4(OH5)‘COjH, which is also obtained from croton oil {Croton tiglixm), and, 
together with angelic acid, from cummin oil [Ciminum egminum). Fused with 
KOH, angelic acid yields acetate and jiropionate. There are severrd isomerides. 

Pyroterehic acids, CsH 5*C0„H. One of these is prepared by distilling terebic 
acid, a product of the action” of nitric acid on turpentine — 

C„H„02’C0 ,H = CjH„-CO„H + C 0.„ 

Pyroterebio acid is a liquid boiling at 210° 0., and having a characteristic odour, 
Fused KOH converts it into acetate and (iso)butyiate of potassium. 

Hypogccic acid, C,5H.j’C0„H, is extracted from the ground-nut, together %vith 
arachidic acid. It is crystalline, fuses at 33° C., and dissolves in alcohol and 
ether. It is worth notice that hypogteic acid absorbs oxygen from air. 

Physetoleic acid, isomeric with hypogmic, is obtained from spermaceti oil. It 
dffiers from hypogjeic by fusing at 30” C., and by not yielding sebacic acid when 
distilled. Another isomeride, gmidic add, is formed by the action N^O, on 
hypogffiic acid. It fuses at 39'" C., does not oxidise in air, and distils nhde- 
composed. ' 

370. Oldc add, CijHjj'jCOjH, the most important member of the 
acrylic series of acids, is prepared by boiling olive-oil with potash, and 
decomposing the solution with hydrochloric acid, which separates the 
oleic acid as an oily layer, containing some stearic and palmitic acids. 
To purify it, it is heated with litharge at 1 00° C. for some hours, when 
a mixture of oleate, palmitate, and stearate of lead is obtained. The 
oleate is extracted from this mixture by ether, and the solution shaken 
with hydrochloric acid, which precipitates the lead as chloride, while 
the oleic acid remains dissolved in the ether, which rises to the surface. 
The ether is distilled off, the impure oleic acid is dissolved in ammonia, 
and precipitated by barium chloride ; the barium oleate is recrystallised 
from alcohol, and decomposed by tartaric acid to separate the oleic acid. 

The olive-oil contains the glyceride oldn, which is decomposed by 
boibng with potash into glycerine and potassium oleate. Olein is a 
general constituent of the fixed oils ; the soft soap made by saponifying 
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whale and seal oils mth potash consists chiefly of potassium oleate. 
Oleic acid is a bye-product in the manufacture of candles, in which its 
presence would be injurious lowering the fusing point. It is used in 
gi’easing wool fpr spinning, being much more easily removed by alkalies 
than is olive-oil, which was formerly employed. Ammonium oleate is 
sometimes employed as a mordant for the aniline dyes on cotton. 

Oleic acid is an oily liquid which crystallises at o° 0 . and fuses again at 14*. 
When distilled, it yields a number of products of decomposition, among which 
•sebacic acid, C8H,e(C05H)2, is conspicuous. In a current of superheated steam, at 
250° 0 ., it may be distilled without decomposition. In its commonly impure 
state, it absorbs oxygen readily when exposed to air. 

' Fusion with KOH converts oleic acid into acetate and palmitate ; 

C„H33- COjH + 2KOH = CHg- CO2K + CijHj, • CO„K -h H„. 

Its constitution is probably expressed by the formula 

CH3-(CH2),3-CH:CH-CH„-C02H. ' 

By the action of NoO,, oleic acid is converted into the isomeric elaidic acid, which is 
crystalline, and fuses at 45° C. When oxidised by nitric acid, oleic acid yieldsseveral 
acids of the acetic and oxalic series. When healed with amorphous phosphorus 
and strong hydriodic acid at about 200° 0., it yields stearic acid, C,,H3./C0„H. 

The alkali oleates are decomposed by. much water into free alkalies and 
insoluble acid oleates. Sodinm oleate is present in ordinary soap, and may be 
crystallised from absolute alcohol. 

Barium oleate is a crystalline powder, insoluble in water, and sparingly soluble 
in boiling alcohol. Lead oleate, which forms the chief part of lead plaster, fuses 
at 80° C., and solidiSes on cooling to a translucent brittle mass, soluble in ether. 

JErucic acid, CO^H, may be extracted from the seeds of mustard, rape 

(colza), and grapes. It forms crystals which fuse at 34° 0 . Fusion with 
potash converts it into acetate and butate of potassium; CjiH^/COjH-bzKOHy 
CH,’C02K-t-C,5H33'C02K-t-H3. When heated with phosphorus and hydriodic 
acid, it gives behenic acid, ”C2|H„‘C02H. Heating with HNO3 dil. converts it 
into the isomeride Irassidic acid {m. p. *60° C.). 

371. General remarhs on the acrylic series of acids, — ^The acids of this 
series contain ethylenic linking, and are therefore capable of combining 
with two atoms of bromine to form dibromo-substitution products of 
acids of the acetic series; thus, acrylic acid, CBLj : OH* COjH jdelds 
dihromo-propionic acid, CHjBr’OHBr’COjH ; oleic acid, 0j2H33’C03]J, 
dihromo-steaHc acid, OjyHggBrj’COjH. When these dibromo-acids 
are boiled with alcoholic solution of potash, they are converted into mono- 
bromo-substitution products of the aci’ylic series ; thus CH^Br* OHBr' 
COjH -1- KOH = KBr + CH^' OBr • CO^H + HOH ; that is, dibromo-pro- 
pionic acid yields a-bromacrylic acid;* or both atoms of Br may be 
removed as HBr and a new acid of the propiolic {sorhic) series produced ; 
thus, C.yH^Br^- CO3H = 2HBr -t- C^H,,- OO3H. 

By treating the higher members of the acrylic series with hydrogen 
iodide they become acids of the acetic series, by absorption of two atoms 
of hydrogen. 

When fused with KOH, the acrylic acids yield potassium salts of 
two members of the acetic series ; what acetic acids are produced is 
supposed to be determined by the position of the ethylenic linking in 
the acid of the acrylic series. Thus, acrylic acid yields acetate and 

• With regard to the use of o-, p-, y~, &c., for distinguishing open chain isomerides, it 
must be said that a signifies that the substituent is attached to the carbon atom next to 
that to which is attached the group characteristic of the class of compounds to which the 
substance belongs ; p signifies the next but one, y the next but two, and so on: Thus, 
-bromo-butyrio aoi d = C Hs* CHs • OHBr ■ 0 OjH, 
fi-bromobutyric acid= OHs’ OHBr • OHj’ COgH, 

V-bromobutyri c acid = CHj Br ■ CHo' OH; • OOjjH. 
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formate, as there are two carbon atoms on one side of tlie ethyl enic 
linking and one on the other side. Solid crotonic acid jnelds two 
molecules of acetate. 

The higher membei’s of the series are characterised by their conversion 
into crystalline isomerides b}’ the action of 

372. Monobasic Acids from Monohydric Alcohols of the Acetylene 
Series (Propiolic or Sorbic Series). — PropioUc acid, CH ■ C'COJI, corre- 
sponding with propargyl .alcohol, is prQp.ared, as its potassium salt, by heating 
potassium hydrogen acetylene-dicarboxylatc in aqueous solution ; 

COjH'C : C-CO;K = CO.-l-IIC : C-COJC. 

It melts at 6° C., boils at 144° C. It yields explosive metallic derivatives. 

Teti'oUc acid, h.as no practical importance, It is produced when 

chlorocrotonic acid is ‘hc.ated at 100“ C. with potash dissolved in alcohol ; 
C3H^C1•C0„H + 2K0H = CjHj-COjK + KCl + alHO. It is also formed by heating 
sodium allylide in carbon dioxide ; C3H3Na-fC0j=C3H3'C02Na ; m. p. 76°, b. p. 
203° C. 

/Sorbic acid, C.H,*CO„H, is obtained by distilling the juice of unripe mountain- 
ash berries (Sorbus), when it passes over, together with water, as a yellow fragrant 
oil, which becomes a cry'stalline solid when boiled for some time with strong HCl, 
or when fused with KOH and precipitated by an acid. 

Sorbic acid fuses at I34°.S C., and is decomposed when distilled, unless in 
presence of steam. It is sparingly soluble in water, but dissolves in alcohol. 

Linoleic acid, C,5H.„’CO.H, occurs as a glj’ceridc in linseed oil and some other 
drying oils. The oil is saponified with KOH, the aqueous solution is precipitated 
by CaClj and the calcium linoleate extracted by ether. It is a yellowish oil, 
not altered by NjOj. Palmitolic acid is an isomeride. JPomolineohic and stcaroUc 
acids are also isomerides. 

Linoleiiic and isolinolenic acids are isomerides of the formula belong- 

ing to the ChHoh^-COjH series of acids. They occur as glycerides in linseed oil 
and other drying oils. 

373. General remarks on the sorbic series of acids. — These may be 
obtained from the acids of the oleic (acrylic) series, by combining them 
with two atoms of bromine and treating the product with alcoholic solu- 
tion of potash (see above). These acids also combine with two and four 
atoms of bromine, and are convei’ted by nitric acid into new acids by 
taking up two atoms of oxygen. 

As might ,be expected from their connection with the acetylene 
hydrocarbons, their sodium salts can be obtained by the direct combina- 
tion of the sodium acetylides (p. 523) with 00 , {cf. p. 568). Those of 
them which contain the H’O ; group yield the usual explosive metallic 
derivatives. 

374. Monobasic Acids from the Monohydric Alcohols of the 

Benzene Series (Aromatic or Benzoic Series). — These may be of 
two kinds : (i) Those which contain the COOH group attached to 
the benzene nucleus, such as benzoic add, and ioluic add, 

' ^^2^ > these, as already stated (p. 533), can be obtained by 
oxidising the hydrocarbons containing side chains. (2) Those which 
contain the COOH as part of the side chain ; these may be regarded as 
open-chain acids, in which 0cH5,03H,(0H3), &c., have replaced H, 
as in phenylacetic acid, OgHj-CH/ COOH, tolylacetic acid, 06H4(0H3) ■ OHj- 
COOH; these may be prepared by the hydrolysis of the corresponding 
cyanides, e.g., 0 ,H/ OH^- OH + 2HOH = CeH^- OH^- COOH + HH3. 

Benzoic add, OgHg'CO^H {pdienyl formic add). This acid was origin- 
ally extracted from gum benzoin, a resinous exudation from Styrax 
benzoin, a tree of the Malay Islands. 
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When the gum is gently heated in an iron or earthen vessel, covered with 
perforated paper and surmounted by a drum of paper, the benzoic acid, which 
exists uncombined in the resin, rises in vapour and condenses in the drum. A 
better yield is obtained by boiling the benzoin wdth lime and water, and decom- 
posing the filtered solution of calcium benzoate with hydrochloric acid. 

It is also made from the urine of cows and horses, which contains 
hippuric acid, easily convertible into benzoic acid (see Hippuric acid). 

But the chief source of modern benzoic acid is toluene, CjHj’CHj. 
This is directly convertible into benzoic acid by oxidation with nitric 
acid, 06H5-CH3-f-2HN03 = 0,H/C03H + 2H0H-f 2NO. 

It is cheaper, however, to convert the toluene into benzo-trichloride 
by passing chlorine into it at 180° C., and to heat the product with 
lime ; CH3 + CI^ = COI3 + 3HCI ; 2O3H3CI3 + 40a(0H)3 = 

3CaClj -f- (OgHj' C02)2Ca + 4IIOII. The calcium benzoate is decomposed 
by hydrochloric acid, when benzoic acid separates. 

Much benzoic acid is obtained as a bye-product in making benzalde- 
hyde from toluene (p. 566), for much of the benzaldehyde is converted 
into benzyl alcohol and calcium benzoate by the excess of lime used 

(P- 553)- 

Benzene, CgHg, may be partly converted into benzoic acid by oxidising 
it with MnO„ and £[280^. Addition of formic acid increases the yield of 
benzoic acid • CgHg -}-H-C02H-f-0 = CgHg* COjH 4- H2O. 

Benzoic acid occurs among the products of oxidation of albuminous 
compounds with MnOj and HjSO^. 

Properties of benzoic acid . — It crystallises in shining needles or in 
feathery scales, usually having a faint aromatic odour. It fuses at 
120° 0, and boils at 250° 0., subliming without decomposition; it 
volatilises when boiled with water. It is sparingly soluble in cold 
water (200 parts), more easily in hot water (24 parts) ; alcohol and 
ether dissolve it readily. Potash and ammonia also dissolve it imme- 
diately, and it is reprecipitated on adding an acid. Most of the 
benzoates are soluble, but ferric benzoate is obtained as a buff-coloured 
precipitate when ferric chloride is added to a neutral benzoate. 

By distillation with excess of lime, benzoic acid yields benzene — 
CgH5*CO.,H-{-CaO = CaCOj-fCgHg. 

When vapour of benzoic acid is passed over heated zinc-dust, it is 
converted into bitter-almond oil (benzoic aldehyde) — 

CgH/COjH-fZn = CgHj-CHO + ZnO. 

By boiling with strong JblNOg, benzoic acid is converted into nitro- 
henzoic acids, 0gII^(N02)'002H, of which three exist. 

By distilling benzoic acid with POlg, benzoyl chloride is obtained; 
0gH3-C00H-{-P0l3 = 0gHg-C0Cl-}-P00l3-|-H01. This chloride bears 
the same relation to benzoic acid as acetyl chloride bears to acetic acid, 
the radicles benzoyl and acetyl being related in a similar way to benzyl - 
and ethyl : 


Ethyl, C 2 H 5 ; Acetyl, C^HjO" 

'Ethyl hydride (ethane), CoHg 
Ethyl hydroxide (alcohol), CJIs'OH 
Acetyl hydride (aldehyde), C„H,0 
Acetyl hydroxide (acetic acid), 

375 . Benzoic anhydride, or dibenzoyl oxide, 
benzoyl chloride with dry sodium benzoate— 
CgH5'C001-l-C,H.-C00Na = 


Benzyl, 0,H , ; Benzoyl, 

Benzyl hydride (toluene), CjHg 
Benzyl hydroxide, C,H/OH 
Benzoyl hydride, 0,11^0 
Benzoyl hydroxide, CjHgO- 

(CgH^'COljO, is produced by heating 
(CgH^-COljO-hNaCl. 
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The mass is washed with water and the anhydride ciystallised from alcohol. It 
fuses at 42° C. and boils at 360° C. Boiling ■ndth water converts it slowly into 

benzoic acid. ■ t 7 • j • 

By heating benzoyl chloride with dry sodium acetate, lenzoacctic anhydride is 
obtained ; C«H,- COC 1 + GH,- COONa= (G,Hj-CO)COI-l3- C 0)0 + NaCl. 

Benzoic peroxide, (C-Hj-COl^O., is obtained by acting on benzoyl chloride with 
barium dioxide ; 2C„H,-C0C1 +BnO,= (CeH,-CO)„ 0 ...+BaCL. It may bo crystallised 
from ether. Like hydrogen peroxide, it is decomposed explosively when mode- 
rately heated. Alkalies resolve it into benzoic acid and oxygen. 

376. Tohtic acids, or methyl-bcnzoic acids, CeH4(CH3)' COjH, arc obtained by oxidis- 
ing the three xylenes,' C5H4(GHj);, with dilute nitric acid. The i : 2-acid crystal- 
lises in needles, fusing at 102° C., and is sparingly soluble in water. 

Mcsitylenic acid, 1:3:5- C„H3(CH3);-COJI, is prepared by oxidising mesitylene, 
(p. 533), with dilute nitric acid. It is a crystalline volatile acid, fusing at 166° C. 
and soluble in boiling water and in alcohol. 

Cuminic or isopro2)yl-hcnzoic acid, i : 4 - C,.H4(C3H,) * CO„H, is prepared fropa the 
aldehyde existing in Boman cummin oil, by boiling it with alcoholic solution of 
potash, which converts it into cuminic alcohol and potassium cuminate. On 
adding an acid to the aqueous solution of potassium cuminate, the cuminic acid 
is precipitated, and may be crystallised from alcohol ; it fuses at 1 16° C., and may 
be sublimed. 

377. General remarks on the benzoic or aromatic series of acids . — 
These acids are cr^’stalline, volatile, sparingly soluble in water, but 
soluble in alcohol and ether. "Wlien distilled rvith excess of lime, they 
yield hydrocarbons of the benzene series, CO,, being abstracted. 

37S. Cinnamic or ^-phcnyl-acrylic acid, CjH/CH : CH‘CO,H, is prepared by 
boiling storax with soda, and decomposing the solution of sodium cinnamate with 
HCl, which precipitates the cinnamic acid in feathery crystals like benzoic acid, 
fusing at 133° C., boiling at 290°, and subliming undecomposed. ; It is soluble in 
boiling water and in alcohol. 

' Its connection with acrylic acid is shown by fusing it with potash, which yields 
acetate and benzoate of potasMum, whilst acrylic acid yields acetate and formate ; 
C^H,- OH : CH • CO„H 2KOH = CH3 • COAC -t- C^H, • CO^K + H„. 

Oxidising agents convert cinnamic acid into benzoic aldehyde (bitter-almond 
oil); OeH3-CH:CH*C0„H-f-O4 = C6Hs-CHO-f2C02-fH„O. When distiUed with 
excess of lime, it yields cinnamcne ox phenyl-ethylene (p. 533). 

Nascent hydrogen converts it into phenyl-propionic acid — 

C^H^- CH : CH- CO^H Hj= C„Hj- CH^' CH„- CO^H. 

Cinnamic acid may be obtained synthetically by the action of 'sodium acetate 
bn bitter-almond oil, in presence of acetic anhydride, which probably acts as a 
dehydrating agent; CH.-C0jNa-{-C„H3-CH0 = C^Hj-CH ; CH-COoNa-fH^O, 
Atropic acid, a-plienyt-acrylic acid, is produced when atropine, the alkaloid of 
deadly nightshade, is boiled with baryta or with HCl. It fuses at 106° C. 

The other members of the cinnamic series are of no practical importance. 
They may be prepared from benzoic aldehyde or cuminic aldehyde, as cinnamic 
acid is, by treatment with the anhydrides and sodium salts of members of the 
acetic series. 

The naphthoic acids (a and §), C,„H,-CO„H, are monocarboxylic naphthalenes, 
obtained by the hydrolysis of the corresponding cyanides. 

379. Monobasic Acids from Polyhydrio Alcohols. — ^A s already 
noticed (p. 5 5 6), these acids may be alcohol-acids, or aldehyde-acids 
if the polyatomic alcohol be a glycol, and keto-acids, or even keto- 
alcohol- or keto-aldehyde-acids, if the alcohol be polyhydrio, in which 
case it must contain both primary and secondary alcohol groups. 

Alcohol-acids are termed hydroxy-acids, a title which is warranted by 
the fact that they can be prepared from the chloro-substituted open- 
chain acids of the foregoing series by treatment with silver oxide and 
water, showing that the Cl has been substituted by OH, as, for 
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instance, when monochloracetic acid is converted into glycollic acid; 
0H,01-C00H + Ag0H=0H0H*C00H + AgCl. . 

It will be found that the hydrogen of the hydroxyl group in a 
hydroxy-acid is capable of replacement by a metal, just as it is in the 
hydroxyl group of an alcohol, so that the acid possesses the func- 
tions of both an alcohol and an acid. Thus, the monobasic hydroxy- 
acids may contain two or more H atoms, replaceable by a metal, 
although they are strictly monobasic, since they contain only one 
COjH group ; hence they are sometimes termed diatomic {triatpmic, the.) 
monobasic acids. 

The simplest hydroxy-acid, hydroxy-formic acid, HO • COOH, does not 
exist in the free state, probably for the reason already given {p. 556)^ 
it would possibly be identical with carbonic acid. 

Glycollic or hydroxy acetic add, CH, 0 H* 00 ,H, is a product of the 
oxidation of glycol, OH^OH-OHjOH, by dil. "HNO3, but is best pre- 
pared by the careful oxidation of alcohol by nitric acid. 

Into a narrow glass cylinder (2 inches in diameter) pour 118 cubic centimetres 
of 80 per cent, alcohol ; insert a funnel tube drawn out to a fine opening, to the 
bottom of the vessel, and pour in 50 c.c. of water, so as to form a layer below the 
alcohol ; then pour in carefully through the funnel 126 c.c. of nitric acid of 
sp. gr. 1.3s, to form a layer below the water. Place the vessel aside, without 
shaking, for about five days at about 20° 0 ., when the three layers will have 
mixed. Evaporate the liquid upon the water-bath, in separate portions of about 
20 C.C. to a syrup, dilute it with 10 volumes of water, boil, and neutralise with 
powdered chalk. To the crystalline paste which forms on cooling, add an equal 
bulk of alcohol, and filter. The precipitate is boiled with water, and filtered, 
while boiling, from undissolved calcium oxalate. On cooling, it deposits calcium 
glyoxalate, whilst calcium glycollate remains in solution ; this is boiled with a 
little lime to decompose any glyoxalate, and the filtered solution evaporated and 
treated with enough oxalic acid to precipitate the calcium as oxalate, leaving 
glycollic acid in solution. 

The action of nitric acid upon alcohol is of a representative character. 
Ethyl alcohol, O^Hj’OH, is derived from methyl alcohol, CHj'OH, by 
the substitution of the methyl-group CH, for H, so that ethyl alcohol 
should be written OHj-CHj'OH, or CHj’CHj’OH. How, the groups 
OH3 and OHj'OH, under the influence of oxidising agents, are con- 
verted into OHO, characteristic of the aldehydes, and 00 'OH, charac- 
teristic of the acids, respectively. Accordingly, we find, among the 
products of the above operation, acetic aldehyde, OHj’OHO ; acetic 
acid, 0H3-00-0H; glyoxal, OHO-CHO; glyoxylic acid, OHO -CO -OH; 
glycollic “or hydroxyacetic ” acid, OH„’OH-CO-OH; and oxalic acid, 
OO-OH-CO-OH. 

Glycollic acid has been obtained by allowing the vinegar ferment, 
bacterium aceti, to grow in a dilute solution of glycol (ethene-alcohol). 

Properties of glycollic acid. — Orystallises with some difficulty ; fuses 
at 80° 0 ., and volatilises slowly at 100°. Very soluble in water, alcohol, 
and ether. 

As might be expected, oxidising agents convert it into oxalic acid, Wheii 
heated with sulphuric acid, it yields formic aldehyde and formic acid; 
CHjOH'COJI = H* CHO-)-H'CO„H, The formic aldehyde is converted into formic 
paraldehyde, (HCOH)™, and most of the formic acid is decomposed in H;0 
and CO. 

When glycollic acid is heated with HCl it yields chloracetic acid ; CHjOH" 
DOjH ■+• HCl = CHoCP COoH H„0. This acid may be reconverted into glycollic by 
boiling with KOH, which replaces the Cl by OH. 
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Hydriodic acid reduces glycollic to acetic acid — 

CH.OH-CO„H + 2HI=CH3-C0.H + H.,0 + L. 

The glycollates of calcium, copper, and silver arc sparingly soluble in cold 
■water, but dissolve in boiling water. _ . . 

Glycollic acid occurs in unripe grapes, and in the leaves of the Virginia 
creeper. It can be made from glucose bj' oxidising it with silver oxide, in the 
presence of calcium carbonate to keep the solution neutral, or else the glycollic 
acid becomes oxalic acid. 

380. Lactic acids or /lydroxi/propionie acids, 02lI^(0H) • 00 , 11 . — 
Since propionic acid is OHj'CHj'COOH, there can be two hydroxy- 
propionic acids, viz,, the a-acid, OHj'OHOH'COOH, and the ^-acid, 
OH,OH' OHj* COOH ; the former is called ethylideiie lactic acid, and the 
latter ethylene lactic acid. 

Ethylidene lactic acid, OHj'CHOH'COOH, is also known as fe^'rnent- 
ation lactic acid, being prepared by fermenting glucose mth putrid 
cheese, in presence of chalk, as described at p. 575, and decomposing 
the calcium lactate with dilute sulphuric acid, not in excess. The solu- 
tion of lactic acid is filtered from the CaSO^, and purified by neutral- 
ising -with zinc carbonate, recrystallising the zinc lactate, and precipi- 
tating the zinc by H,S, when lactic acid is obtained in solution. When 
this is evaporated, it leaves a syrupy liquid containing lactic acid, 
water, and lactic anhydi-ide (OjIIjOj),^. On attempting to expel all 
the water, a crystalline body, fec/ieZe, is produced; 2(0,Hj0’00„H) = 
OjHgO^ + zHjO. Perfectly pure lactic acid has not been obtained. 

Ethylidene lactic acid is found in sour milk, being produced by the fermenta- 
tion of the milk-sugar, and in small quantity in the gastric juice, and in opium. 

Lactic acid is a strongly acid liquid which does not distil without decomposi- 
tion, when one part is converted into lactide and another into aldehyde, CO and 
H ,0 ; OjHjO • OOjH = CHj' OHO + CO -f H„ 0 . If the pressure be diminished, much 
of the acid may be distilled. 

"When lactic acid is heated to 130° 0 . with dilute sulphuric acid, in a sealed, 
tube, it yields aldehyde and formic acid; C„H50-C02H = CH3-CH0-hH-C0,H. 
With strong sulphuric acid, the formic acid'is converted into water and CO. 
Oxidation with ^MmOg converts this lactic acid into the ketonic acid, pyruvic 
acid, CHg'CO'COOH. This is only to be expected, since ethylidene lactic acid 
contains a secondary alcohol group, CHOH (see p. 556). Nitric acid oxidises lactic 
acid to oxalic acid. Chromic acid converts it into acetic acid, C 0 „ and H„ 0 ; 
p2Hs0'C0„H-(-0„=CH3'C02H-fC0„-f HoO. Sincelactic acid is hydroxjqjropionic, 
it may be reduced to propionic acid by strong hydriodic acid ; C„H4(0H)'C0„H + 
2HI=C2H5'C0;H-j-H„0-tL. Conversely, propionic acid maybe converted "into 
lactic by the following steps :— ( i ) CHg- CH • CO„H -t Br„ = CH, • OHBr • CO JI + HBr ; 
(2) CH3-CHBr;C0„H-fK0H=CH,-iCH0H-C0„H + KBr. 

Lactic acid is producible from aldehyde by heating the HCN derivative (p. 563) 
with acids, to hydrolyse it ; CH3-CH{OHXCN)-f2H20 = 0H3-CHOH-C02H-fNH,. 

The lactates are mostly soluble : the most important of them is the 
zinc lactate (0jH50'C0j)2Zn.3H20, which is sparingly soluble in water, 
and is precipitated in prismatic crystals when zinc sulphate is added to 
lactic acid neutralised by ammonia. Salts of the type OHj’OHOM’OOjM 
are known : thus sodium sodio-lactate, OHj-OHONa'OOjNa, is prepared 
by the action of sodium on sodium lactate. 

381. Stereoisomerism as Illustrated by Ethylidene Lactic Acid. 
— ^Ethylidene lactic acid is also found in juice of fiesh (Liebig’s extract of 
mea,t), in bile, and in the urine of persons poisoned by phosphorus. This 
lactic acid has been termed sarcolactic add or paralactic acid, because it is- 
not identical in all its properties with the fermentation lactic acid described 
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above, Obemically speaking, the difference is exceedingly slight, amount- 
ing mainly to a greater solubility of zinc sarcolactate (which crystallises 
with 2H2O) than of zinc fermentation lactate, and a smaller solubility 
of the calcium salt (4HjO). The physical difference between the two is 
considerable, for whilst the fermentation acid is inactive towards 
polarised light, sarcolactic acid rotates the plane of polarisation to the 
right. This property leads to the distinctive titles, dextro-ethylidcne lactic 
acid for sarcolactic acid, and inactive ethylidene lactic acid for the fermen- 
tation acid. If kept in a desiccator for some time, the dextro-acid 
becomes converted into an anhydride the solution of which is 
la 3 vo-rotatory, but the lactide obtained by heating the acid yields inactive 
lactic acid when dissolved. The salts of the dextro-acid are Iffivo- 
rotatory. 

When cane sugar is fermented by means of a certain bacillus, a lavo- 
ethylidene lactic acid is produced, the salts of which are dextro-rotatory. 

It seems that there are three ethylidene lactic acids, which may be 
distinguished as i-, cZ-, and I- ethylidene lactic acid respectively. But 
when equal weights of the d- and Z- acids are mixed together the pro- 
duct is found to be optically inactive ; hence it may be concluded that 
the inactive acid is made up of an equal number of molecules of the 
d- and I- acids, which neutralise each other, so that in considering a 
theory to account for the existence of these three acids, it is only neces- 
sary to attempt to explain the isomerism of the dextro- and Imvo-modi- 
fications. The theory of position isomerism, already mentioned, will not 
suffice to furnish an explanation, because the only possible position 
isomeride of ethylidene lactic acid, according to the theory, is ethylene 
lactic acid, from which both the d- and the I- acids differ chemically. 

The examination of a large number of compounds which are optically 
active has shown that each contains one or more carbon atoms to which 
are attached four different elements or radicles ; thus, in ethylidene lactic 
acid, OHg* OHOH* COOH, the middle carbon atom has each of its atom- 
hxing powers satisfied by a different radicle ; viz., OHg, H, OH, and 
COOH. Such a carbon atom is said to be asymmetric^ and it is believed 
that an optically active compound is one which possesses one or more 
asymmetric carbon atomsS' No hypothesis has been suggested upon 
which it is possible to prophesy whether a given compound, containing an 
asymmetric carbon atom, will be dextro- or leevo-rotatory. This subject 
will receive further attention under Tartaric Acids. 

It is only possible to explain the existence of d- and Z-ethylidene 
lactic acids by supposing that the four groups attached to the asyni" 
metric carbon atom are differently arranged in space, in the two acids, 
Avhich are therefore called stereoisomerides ((rrepeoV, solid). 

If the carbon atom be considered to occupy the centra of a tetrahedron in 
space, then it will be found that no essentially diiferent structures can be 
made, unless each corner of the tetrahedron has a different radicle attached to it. 
Por if two tetrahedra be constructed, the corners of which are represented by 
• A, A, A, B, or A, A, B, B, or A,'A, B, C, or any combination of four letters, two 
of which are the same, it will be found to be always possible to put the one 
tetrahedron inside the other in such a manner that the four letters on the 
corners of the one shall coincide wRh the four letters on the corners of the 
other. If, however, the four corners of each be represented by the four different 
letters A, B, C, D, it will be found possible to so arrange these letters that the 

' • Cf. Amyl alcohol (p. 552), 
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oue tetrahedron cannot be inti'oduced into the other in such a manner that the 
four corners correspond. The arrangement necessary will be understood from 
the statement that if the observer he opposite those faces of the tetrahedra which 
are similarly lettered, the order of the letters on the one face will be the reverse 
of the order of the letters on the other face ; if the letters A, B, C, for instance, be 
in the order of the motion of the hands of a clock on the face of one tetrahedron 
they will be in the reverse order, C, JJ, A, on the face^ of the other. Such an 
arrangement is depicted in fig. 274, from which it will be seen that the two 
arrangements bear the same relationship to each other as an object bears to its 
image. 

It is in the above manner that Le Bel and Van't Hoff have sought to explain why 
no isomerides of methane substitution products, except of those of the type 



CKjRjE^R^ exist. If the compound which is arranged in the clock-udse manner 
in fig.* 274, be dextro-rotatory, then that which is anticlock-wise will be Iebvo- 
rotatory. 

Ethylene lactic acid,ov ^-hydroxypropionic acid, CH„(OH)’ OH,’ COjH, is 
also found in juice of flesh, and is made by ti-eating ^-iodopropionic acid, 
with moist silver oxide. It is a syrupy mass, and is 
distinguished from ethylidene lactic acid by yielding no anhydrides, but 
acrylic acid, OHj : OH’OOjH, and water, when heated ; hence it is some- 
times called hydracrylic acid. 

When oxidised it yields carbonic and oxalic acids instead of acetic. Its zinc 
salt (41^0) is very soluble in water. 

382. Hydroxyhutyricacids are fourinnumber: tbea-acid, CHj' CH„- CH(OH) ' CO,H, 
the)3.acid,CH3-CH(OH)-CH„-CO,H, and 7-acid, CH„OH-CH.,-CH„'CO.,H, and the a- 
iso-acid (CHalj : C{OH) -COjH. A fifth, viz., the|/ 3 -iso*acid (CH^XCHoOH) : CH- CO„H 
is obviously p"ossible, but is not known. 

The 7-hydroxy-acids are very unstable, and when an attempt is made to 
liberate them from their salts by addition of a more powerful acid they immediately 
lose water, becoming “ intramolecular anhydrides,” or lactones. Thus 7-hydroxy- 

butyric acid yields iutyro-lactone, 

a-Bydropycaproic acid, or leucic acid; see Leucine. 

Bicinoleic and iso-ricinoleic acids are hydroxyoleic acids, C„H3j(0H)-C02H, which 
occur as glycerides in castor oil. 

■ ‘^Sza. Bolyhydroxy-monoiasic acids — Glyceric acid, CH„OH*CHOH'CO„H, is ob- 
viously a primary-secondary-alcohol-acid ; it has been .ilready mentioned as an 
oxidation product of glycerine. When produced in this way it is optically inactive, 
but both an I- and a d- variety have been obtained, 

A number of polyhydric monobasic acids is produced by the oxidation of the 
sugars; these are known as liexonic acids, CHjOHXCHOHj^-COjH. They are 
stereoisomerides of each other, being either d- acids, I- acids, or I- acids. They 
will receive further notice under the sugars. 

2i^2h, Aldely de-adds — Olyoxylic, or glyoxalic acid, OHO •CO^H, is a product of 
the oxidation of glycol and of alcohol. It crystallises in prisms and distils with 
steam. Being aldehydic in nature, it forms a crystalline compound withNaHSO, 
and reduces silver salts, being thereby oxidised to oxalic acid. 

Glyeuronic acid, CHOXCHOHjj'COjH, is obtained by reducing saccharic acid 
(2. a.) with sodium amalgam ; it is a syrup which is readily converted into a 
lactone (see above). 
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383. Monobasic Acids from Hydroxy-Benzenes. — The OH groups 
in these acids may he attached either to the benzene nucleus, in which 
case the acids are phenol-acids and not alcohol-acids, or they may occur 
in the side-chain, in which case the acid is an alcohol-acid ; thus, sali- 
cylic acid is a phenol-acid, CgH4(OH) 'COOH, whilst phenyl-glycollic acid 
is an alcohol-acid, OeHs-OHOH'COOH. 

The most important general reactions for obtaining the phenolic acids 
are as follows: (i) The sodium phenols are heated •with CO„ (see 
salicylic acid), (2) The phenols are boiled with CCl^ and HOH; 
OeHjOH -i- CCl, -t- 5KOH = CeH/OH) • COOK -h 4KCI -f 3HOH. {Of. the 
method for making hydroxy-aldehydes; p, 567). (3) The homologues 

of phenol are oxidised by fusion -with KOH ; O-H-iOHrCHa 2K0H = 
OeHXOK)-COOK-b3H3. 

Like the alcohol-acids, the phenol-acids yield two classes of salts ; e.g., 
C 6 H,( 0 H) • OO^^a, and OcH,(ONa) • CO,Ka. 

Sydroxyhenzoic acids, C6H^{OH) • COjH. — Being di-substituted ben- 
zenes, these will be three in number. The most important is the i : 2- 
&,cid or salicylic acid. This is prepared artificially by combining phenol 
with soda, and heating the product in carbonic acid gas. 

The phenol, with half its weight of NaOH, is dissolved in a little water and 
evaporated to dryness. This sodium-phenol is powdered, placed in a flask or 
retort, which is heated at 100° C. in a slow stream of dry CO„ for some hours. 
The temperature is then raised to 180° C., when phenol distils ovei’, and continues 
to do so till the temperature has risen to 250° C. The residue is dissolved in a 
small quantity of water, and strong HCl added to precipitate the salicylic acid, 
which may be purified by crystallisation from water. 

By dissolving phenol in soda, sodium-phenol is produced — 

C.Hj- OH -l-NaOH = C^Hj- ONa + HOH. 

When this is heated in COj, it yields phenol and sodio-salicylate of 
sodium; 20sH50Ha + CO, = CgH^OH + C6H,(OHa) • CO,Ha ; this last, 
decomposed by HCl, yields salicylic acid — 

C,H,(ONa) -COoNa-f 2HCl=0eHj(0H) -CO^H + aNaCl. 

Salicylic acid was formerly made from oil of winter-green {Gavltheria, 
a Horth American plant of the heath order), which is the methyl 
salicylate, CgH^(OH) ' COjOH,. Its original source was salicin, a glu- 
coside extracted from willow-bark, which yields the salicylate when 
fused with potash. Salicylic acid has been found in the leaves, stems, 
and rhizomes of some of the Violacece, and in the garden-pansy. 

Properties of salicylic acid, — It forms four-sided prisms which fuse at 
159° sublime, if carefully heated; but a temperature of 220“ 

decomposes it into phenol and CO, ; C6H^(OH) ■ OOgH = CO, + OeHs' OH. 
This change occurs more readily in presence of an’ alkali, to absorb the 
CO3, It dissolves sparingly in cold water, more easily on heating, and is 
soluble in alcohol and ether. Its solution gives an intense violet colour 
with ferric chloride. It possesses antiseptic properties, and is used for 
the preservation of articles of food, being free from taste and smell. 

The salicylates of K and Na are crystallisable ; barium salicylate (CjH^COH) 
CO„)„Ba.Aq, also crystallises, and, when boiled with baryta- water, yields a 
sparingly soluble salt, C„B^Ba0C0,.2Aq, in which the diad Ba replaces the H of 
the hydroxyl as well as that of the carboxyl. 

Anisic acid, or para-methijloxybenzoic acid, CJI^(OGE.^yCOJI, is isomeric with 
the oil of winter-green, and is formed by the oxidation of “its aldehyde, which 
occurs in oil of amse (p. 56S), It may be formed artificially from salicylic acid by 
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heating its potassium salt to 220° C., when it yields di-potassium parahydroxy- 
benzoate, -which is converted into potassium anisate when treated successively 
with methyl iodide and caustic potash — 

2 (C„H.( 0 H)-C 0 ,K) = C„H,-OH + CO„ C,H,(OK)-CO„K. 

C.H,(OK)'COoK 2CH3I = C„R,(OGH^yCOfi}l, (methjl anisate) -h 2KI ; 

• 0511^(00113) •COoCHj + KOIl = 0511^(00113) •COjK(po;assn(m anisate) + OH3'OH. 
Hydrochloric acid precipitates the anisic acid, which may be dissolved in alcohol 
and crystallised. It forms prisms fusing at 185° 0 . and subliming undecomposed. 

384. Protocatccliuic ox dihydroxijbcnzoic acid, 05H3(0H)3‘C02H [ 00 ._,H : (OH,) = 

I : 3 : 4], is prepared by the action of fused caustic soda on the large class of 
bodies known as gtm-resins, and acquired its name from its production in this 
way from cateehi (Cittch or Terra japonica), a substance much used in dyeing 
black, extracted by boiling water from the inner bark wood of the Jlimosa catechu 
of the East Indies ; Idno, a gum-resin exuding from certain Indian and African 
leguminous plants, and employed in medicine as an astringent, also yields the 
acid. It crystallises in plates or needles containing II3O, which fuse at 199° 0 ., 
and are soluble in water, alcohol, and ether. Ferric chloride gives a green colour 
•with the acid, which is changed to blue and red by alkalies. When heated, it is 
decomposed, yielding ^yj-ocatcc 7 ;o/; C5Hj(0H)„‘ CO„H = 00 , -f C^H^COHj). 

It will be found that the formation of this acid during the potash-fusion of an 
organic substance often throws light upon its constitution. 

Vanillic or methylprotocatechuic acid, C5H3(0H){0CH3)‘C03H, is produced when 
vanillic aldehyde (vanillin) is exposed to moist air. It may also be made by 
oxidising the glucoside coniferin with potassium permanganate. It crystallises 
in plates, fusing at 211° C. and subliming unchanged. When heated in a sealed 
tube -with dilute HCl at 160° C., it yields protocatechuic acid and methyl chloride ; 
C5H,(0H)(0CH ) ■ CO2H -1- HCl = C„H3(0H)3- CO.H -h CH3CI. 

Mandelic acid or phenylghjcollic acid, C5H5’CH{0H)'C0„H, is prepared from 
amygdaline (q.v.), or by the hydrolysis of the hydrocyanic acid compound of 
benzaldehyde, C5H3‘CH(OH)CN. It inelts at 133° C. and is soluble in water. It 
exists in stereoisomeric forms, which is to be expected from the presence of an 
asymmetric carbon atom. 

.385. Trihydn'oxybenzoic acids. — Of the six possible isomerides gallic 
acid is the most important. 

Gallic acid, CgH2(OH)3' COjH [COgH : (011)3= i : 3 : 4 : 5], results 
from the hydrolysis of the tannin in gall-nuts (gallotannic acid), 
0,3H20-*C02H-1-H20 = 2CgH2(0H)3'C02H. It is therefore prepared 
either by boiling the tannin with dilute sulphuric acid, or by keeping the 
moistened powdered nut-galls some weeks in a warm place, so that they 
may undergo fermentation, and extracting the gallic acid with boiling 
water, from which it crystallises in fine needles containing H, 0 . It 
dissolves in 3 parts of boiling water and 100 of cold water. It becomes 
anhydrous at 100° 0 ., and melts at 260° 0 . At 220° 0 . it decomposes, 
yielding a crystalline sublimate of pyrogallol; O-HiOH) • OO.H = , 
0gH3(0H)3-f002. 0 A 13 , 

Solution of gallic acid is not precipitated by HjSO^ or HCl, or by gelatine. 
Lead acetate precipitates it, but the precipitate is soluble in acetic acid. Alum 
and potash give a precipitate easily soluble in potash. Copper sulphate does not 
precipitate it immediately. Ferric salts give a bluish-black precipitate, and the 
alkalies give a brown-red colour, especially on exposure to air, a compound called 
tanno-melamc acid, C^H^Oj, being produced, which is also formed by the action of 
nitrous acid on gallic acid. Gallic acid is found in several vegetable products, 
some pf which are used in dyeing and tanning; as in divi-divi, the fruit of a 
leguminous plant {Cmsalpinia coriaria), in sumach, in mangoes, and the leaves 
of the wild vine, a tropical plant of the Moon-seed order (Oissampelos pareira) 
useful in medicine. ' x ^ /i 

Gallic acid may be obtained artificially by heating di-iodosalicylic acid with 
solution of potassium carbonate to 140° C. in a sealed tube 

C 5 H„l 2 ( 0 H)-C 02 H-fK 2 C 03 -fH .0 = C 5 H 3 (OH),- 003 H-f- 2 kl-|-C 02 . 
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' When gallic acid is heated with 4 parts of strong H„SO^ to 75'’ C., it gives a 
dark-red solution ; and if this be cooled and poured into water, a red precipitate 
is obtained^ which has the composition C,jHj0g.2Aq, or twice gallic acid, minus 
2H„0. This was formerly termed rufigallic acid, but is really hexa-Tiydroxy- 
aniiiraquinone, C„H2(OH)gO„, for zinc-dust reduces it to anthracene, 

JEUagic acid, OigHsOg’COjH, is obtained by oxidising gallic acid with arsenic 
anhydride ; it is a yellowish cystalline powder sparingly soluble in water and 
alcohol. It is found in hezoar-stones, the calculi sometimes formed in the intes- 
tines of wild goats in Persia. 

386. Tannic acid or tannin . — ^Thisname has been applied t(^ number 
of plant-constituents, all of which are capable of precipitating gelatine, 
and therefore of more or less completely tanning hide into leather. 
These substances apparently occur in the plants as unstable glucosides, 
and when hydrolysed they are converted into glucoses and monobasic 
acids. The monobasic acids appear to be formed by the condensation , 
of two molecules of polyhydroxybenzoic acids. The only one of these 
acids which can be said to be thoroughly known is that obtained from 
gall-nuts, and commonly called galloictnnic acid, CjgHgO/ CO3H -l- zH^O. 

240 grammes of powdered gaU-nuts are digested for some hours, with frequent 
shaking, vuth 1800 cubic centimetres of ether and 150 of water. The mixture is 
poured into a funnel loosely plugged with cotton, and the filtered liquid allowed 
to stand, when it separates into two layers, the upper one being the ethereal 
solution of colouring-matter, &c., and the lower an aqueous solution of tannic 
acid, which is evaporated to dryness at a low temperature. 

Gallotannic acid has been prepared by the action of dehydrating 
agents {e.g., POCI3 at 130° 0.) on gallic acid, hence it is believed to be 
di-gallic acid, 06Hjj(0H)3‘00'0'0gH2(0H)2‘C00H, which represents two 
molecules of gallic acid minus one molecule of water. This view is con- 
firmed by the fact that the hydrolysis of gallotannic acid yields gallic 
acid (see above). 

Gallotannic acid does nob crystallise, bub is left, on evaporation, in 
brownish-white shining scales, which are very easily soluble in water, 
but sparingly in alcohol and in anhydrous ether. Its solution is 
astringent, feebly acid, and gives a bluish-black precipitate with ferric 
chloride. H^SO^ and HCl combine with it to form white precipitates, 
and a solution of gelatiue precipitates a very insoluble compound with 
tannic acid. 

Albumin, starch, and most of the alkaloids are also precipitated by tannic acid. 
Common salt causes the separation of tannic acid from its solution. Lead 
acetate precipitates it as basic tannate, which is insoluble in acetic acid. Cop- 
per sulphate also precipitates it immediately. Alum and potash added to tannic 
acid give a precipitate insoluble in cold potash. Potash or ammonia added to a 
solution of tannic acid renders it brown, especially if shaken with air, absorption of 
oxygen taking place. Tannic acid acts as a reducing-agent upon alkaline cupric 
solutions, producing cuprous oxide. It is decomposed by distillation, one of the 
products hcmg pyrogallol, CgH3(0H)3. 

Alcoholic solutions of tannic acid and potash yield a precipitate of potassium 
tannate, C^HjO,' CO„K, and if this be dissolved in water, ''and BaC]„ added, larhim 
taanaie’ (C,3HgO,-CO„)2Ba, is precipitated. 

The tannic acids or tannins used in commerce, in the form of extracts of 
various parts of plants, are .slightly different in properties, and pending exact 
knowledge as to their constitntiob, they are distinguished by names implying the 
sources from which they are derived. Thus, gnerci-tannic acid is from oak-bark, 
"nuino-tannic acid from cinchona bark, caffeo-tannic acid from coffee, moritannic 
acid from fustic (a yellow dyewood from a tree of the Mulberry order. 3Iorvs 
tinctoria). 
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/Sumach, the leaves of the Ithus cariaria, a tropical plant of the Cashew order, 
and Myrobalans, the fruit of several species of TerminaUa, Indian trees, contain 
gallotannic acid. Myrobalans also contains cUa^itannic acid, very similar to 
gallotannic acid, and likewise contained in divi-divi. _ 

The tannins may be classified into ]}/jrogallol-tannws and pyrocatcchol-tannins, 
according as they yield pyrogallol or pyrocatechol when heated. Those belonging 
to the first class yield gallic and ellagic acids when heated^ with alkalies, whilst 
those of the latter class yield protocatechuic acid, and either phloroglucol or 
acetic acid, by the same treatment. The deposit of ellagic acid which is formed 
by the oxidation of pyrogallol tannins is probably the “ bloom ’’ noticed by 
tanners on” the surface of leather prepared by means of niaterials such as 
myrobalans, sumach, and divi-divi. The pyrocatechol tannins are liable to 
deposit complex anhydrides termed phlobaphenes,'*' which have a red colour ; such 
are the tannins of oak bark, mimosa, and valonia. 

Ooumaric acid, OT i : 2 — /w/droxy-cinKanncrtciW, CjH,(OH)‘CH : CH'COoH, isbest 
obtained by heating conmarin with KOH. Coiimarin is the lactone anhydride of 

this acid, C5H, '» it is the substance which causes the smell of hay 

and of the Tonka bean (Coumaroma odorata), from which it may be extracted by 
boiling with alcohol, when crystals of coumarin are deposited on cooling. It has 
been obtained artificially by heating sodio-salicylic aldehyde (p. 567) with 
sodium acetate and acetic anhydride. 

Oaffeic acid, or dihydroxy-cinnamic acid [(OH)„ ; (OH ; CH‘C0,;H)=:3 : 4 ; i], is 
obtained by boiling with caustic potash the residue left on evaporating the 
aqueous decoction of coffee, and precipitating the solution by HCl. It crystallises 
in plates on cooling, and is soluble in alcohol. It yields pyrocatechol when 
heated, and is converted into acetate and protocatechuate when fused with 
potash. 

Quinic or Jdnic acid, oxtetrahydroxy-henzoic acidhexaliydride, C„H • (OH)/ CO_.H, 
is found in cinchona bark, in coffee and some other plants. It is crystalline a'nd 
soluble. Like caffeic acid, it gives pyrocatechol when distilled, and protocatechuic 
acid when fused with potash. When heated with manganese dioxide and 
sulphuric acid, it is oxidised to quinone, CoH^Oo, which sublimes in yellow 
needles. 

387. Dibasic Acids from Paraffin Hydrocarbons (Oxalic or 
Succinic Series), — These may be regarded as derived from the hydro- 
carbons by substitution of two COOH groups for two H atoms. They 
may obviously be obtained by the oxidation of diprimary glycols. The 
general formula for the series is 0„H2„{C00H)2. They are all crystalline 
solids, and are characterised by their behaviour when heated. Those 
which contain the OOOH groups attached to separate carbon atoms, tend 
to form internal anhydrides by loss of water. Those which have the 
COOH groups attached to the same carbon atom, yield CO^ and an acid 
of the acetic series. When fused with KOH they yield K^OOj and a 
salt of the acetic series. Many of the acids of this series are formed 
when fats and oils are oxidised by nitric acid. 

388. Oxalic acid, (COjH)^, is the final product of the oxidation of 
glycol. It is prepared on the small scale by oxidising sugar with nitric 
acid, and on the large scale by oxidising sawdust with potash. 

Preparation of oxalic acid from sugar. — 50 grms. of sugar are gently heated in a 
flask with 250 c.c. of ordinary concentrated nitric acid, sp. gr. 1.4. When the 
action commences, remove the heat, when the oxidation will continue violently. 
On cooling, part of the oxalic acid will crystallise, and more will be obtained 
by concentrating the mother-liquor. Drain the crystals on a funnel, and dissolve 
theca in as little boiling water as possible, so as to purify the acid by re-crystal- 
lisation. It may be allowed to dry by exposure to air. 

Preparation of oxalic acid from sawdust. — Common pine sawdust is made into a 
thick paste with a solution containing K0H-l-2Na0H of sp.gr. 1,35. This is 
spread on iron plates, dried up, and heated just short of carbonisation. The 

• (fiXoids, bark ; ga^i), colour. 
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ccllulosGj is tliu^ oxid.isGd, witli ©volution of liydrogGiij uud converted 

into oxalic acid, which remains in the mass as oxalates of potassium and sodium. 
These are dissolved in water, and boiled with lime, which produces the insoluble 
calcium oxalate, together with solution of the caustic alkalies, which may be 
used again. The calcium oxalate is decomposed by dilute sulphuric acid, the 
solution of oxalic acid filtered from the calcium sulphate and crystallised. 

Strictly-speaking, in carrying out this process, the fused mass is treated with a 
small quantity of hot water, which leaves the bulk of the sodium oxalate undis- 
solved ; this is decomposed by lime, as stated above. The liquor, which contains 
but little oxalate, is boiled to dryness, the residue heated, and the alkaline 
carbonate causticised by lime. It is worth noting that caustic soda’alone would 
produce very little oxalate. When potash is cheap, it may be used alone. 

Oxalic acid occurs in sorrel, rhubarb, and many other plants. Potas- 
sium oxalate is formed when potassium formate is gently heated; 
2(H’ CO'OK) = H„ -k (002K)2. Sodium oxalate is produced when sodium, 
mixed with sand to moderate the action, is heated at 360° C. in dry 
CO, ; Na, + 2OO, = ( 00 ,Na),. 

Properties of oxalic acid — It forms monoclinic prisms containing 2 Aq, 
which are soluble in nine parts of cold water and in alcohol. , It is a 
very strong acid, able to decompose the nitrates and chlorides. In 
large doses it is poisonous. When gently heated, the crystals effloresce, 
from loss of water, and begin to vaporise slowly at 100° 0 . Heated to 
165°, it sublimes freely, part being decomposed into formic acid and 
CO,; (COjH), = H' 00 , 11 -f CO,. A weak solution of oxalic acid is 
decomposed by boiling. When heated with strong sulphuric acid, 
(COgH), = 00 , -f CO -k HjO, the 00 buiming on applying a flame. If 
oxalic acid be dissolved in twelve parts of warm oil of vitriol, and set 
aside, large rhombic octahedra of (C 0 ,H), are deposited. Oxalic acid 
is largely used in dyeing, calico-printing, and bleaching, in cleaning 
brass, and in removing iron-mould from linen. It is a dibasic acid.- 

Normal potassium oxalate, (C0..K)2.Aq, is moderately soluble in water. Hydro- 
potassium oxalate, or potassium binoxalate, or suit of sorrel, is (COoljKH. It is also 
called essential salt of lemons, though lemons contain no oxalic acid. It requires 
40 parts of cold water to dissolve it, and has occasionally caused accidents by 
being mistaken for cream of tartar, hydropotassic tartrate, from which it is 
readily distinguished by the action of heat, which chars the tartrate, but not the 
oxalate. 

Trihydropotassium oxalate, or potassium quadroxalate, (COjljHjK.aAq, is more 
commonly sold as salt of sorrel, and sometimes as salt of lemon. It is even less 
soluble than the preceding. 

Hodium oxalate, (CO,Na)_., is found in various plants which grow in salt marshes. 
It is less soluble than potassium oxalate. The alkali ox^ates, when heated, 
evolve CO and leave carbonates, (CO,K)„=CO-f CO(OK),. 

Ammonium oxalate, (COjNH^)j.Aq" occurs in Peruvian guano. It is used in 
analysis for the precipitation of calcium, and crystallises, in needles, from solution 
of oxalic acid neutralised with ammonia. 

Calcium oxalate, (CO„)„Ca,Aq, is often found crystallised in plant-cells. Some 
lichens^rowing on limestone contain half their weight of calcium oxalate. It is 
occasionally found in urine and in calculi. Calcium chloride is the best test for 
oxalic acid, giving a white precipitate insoluble in acetic acid. When heated, 
(CO„),Ca=CO + CaCO,. 

Perrons oxalate, (C02)2Fe, occurs as oxaliie in brown coal. Ferric oxalate, 
(CO„)cFe,, when expose’d to sunlight in presence of water, evolves CO,, and 
deposits a yellow crystalline precipitate of (COjloFe.aAq. Ferric oxalate is used 
in photography. 

Potassium-ferrous oxalate, (GOol^EUFe, prepared by adding potassium oxalate 
in excess to ferrous sulphate, is a very powerful reducing agent, useful in 
photography. 
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Potassium chromic oxalate (CO„)6K,Cr.3Aq, is obtained in crystals so intensely 
bine as to look black, by dissolving in hot water i part of potassium dichromate, 
2 parts of hydropotassium oxalate, and 2 parts of oxalic acid. Neither the oxalic 
acid nor the CroOj can be precipitated from this salt by the usual tests. 

Potassium calcium chromic oxalate, (CO„)„KCaCr .3 Aq, is soluble in water, and gives 
a precipitate of calcium oxalate on adding ca.lcium chloride. 

Parium chromic oxalate, (CO„)|jBajCr„.8Aq, is also a soluble salt, and, when de- 
composed by sulphuric acid, yields a red solution which probably contains the 
acid (CO„),„H,Cr„ or H,(CO ^^Cr • Cr (C0j)„H3. 

Potassium antmony oxalate, (COJsKjSb.dAq, obtained by dissolving precipitated 
■ Sb^pe in hydropotassium oxalate, is used in fixing certain colours, 

hiluer oxalate, (CO„Ag)j, is obtained as a white precipitate when silver nitrate is 
added to an oxalate.* It 'explodes slightly when heated, leaving metallic silver. 
Manganese oxalate, (CO„)2Mn, is used for mixing with drying oils. 

Oxidising agents easily convert oxalic acid into water and 00, ; if a 
hot solution of the acid be poured on manganese dioxide, brisk effer- 
vescence is caused by the CO, produced. A similar result ensues if 
manganese dioxide be added to the mixture of an oxalate with dilute 
sulphuric acid. Nascent hydrogen, reduces oxalic acid to glycolHc acid ; 
(00,H), -h H, = CH,(OH) • 00,H -f H,0. 

Oxalic acid is a product of the hydrolysis of cyanogen (c/l p. 568 ) ; 
ON- ON -h 4 HOH = COOH* COOH + 2 NH 3 . 

389. Malonic acid, CH,{C02H)3, is prepared from chloracetic acid, CH„C 1 'C 0 ,H, 
by converting it into the potassium salt, and boiling this with potassium cyanide, 
\rhQn potassium cyanacetate, CH2(CN}-C0,K is formed. This is boiled with pot- 
ash, which converts it into potassium malonate ; CH,(CN)’CO,K-i-HjO + KOH = 
CH^iCOjKlj-l-NHj. The excess of potash is neutral'ised by HCl, and calcium 
chloride added, which precipitates calcium malonate ; by boiling this with the 
molecular proportion of oxalic acid, the calcium is left as oxalate, and the solution 
deposits tabular crystals of malonic acid. It fuses at 132° 0 ., and afterwards 
decomposes into CO, and acetic acid ; CH„(C 0 ,H)„ = C0,d-0H3’C0„H. It will be 
remembered that oxalic acid is decomposed into CO;, and formic acid, H'CO^H. 

Calcium malonate, like the oxalate, is very slightly soluble in water ; the silver 
and lead salts are insoluble. 

Malonic acid is found among the products of oxidation of allylene, amylene, 
and propylene with potassium permanganate. 

Succinic add, C„H4{C0„H);, can exist in two forms, viz. : — CO.jH"CH„*CH„’CO„H, 
ethylene succinic acid, and CHg'CH(C0,H)2, ethylidene succinic acid. Ethylene 
succinic acid, or common succinic acid, is prepared by the fermentation of 
tartaric acid, which may be regarded as dihydroxysuccinic acid, C2H„{0H)„(C0„H);, 
and becomes reduced to succinic acid. 

The tartaric acid is neutralised with ammonia, largely diluted, and mixed with 
a little potassium phosphatOj magnesium sulphate, and calcium chloride, to afford 
mineral food for the bacteria, which soon grow if the liquid be kept warm (25°- 
30° C.). The flask should be loosely closed to exclude air. After about two months, 
the ammonium tartrate has become converted into ammonium succinate and 
carbonate ; it is boiled to expel the latter, milk of lime added, and again boiled 
as long as NHg is expelled ; the calcium succinate is decomposed by a slight 
deficiency of dilute sulphuric acid, the liquid filtered from the calcium sulphate 
and evaporated to crystallisation. 

Succinic acid crystallises in prisms, which require about 20 parts of cold and 
3 parts of hot water to dissolve them. It is also soluble in alcohol, but sparingly 
in ether. TVhen heated, it emits vapour at 120° 0 ., and fuses at 180° ; at 235° it 
is decomposed^ into water and succinic anhydride, C,,Hf(C 0 )„ 0 , and the vapours 
provoke coughing in a remarkable way, thus affording a test for the acid. It is 
very stable, and little affected by oxidising agents. Eusion with KOH converts 
it into potassium carbonate and propionate — 

C„H,(CO,H)„ + 3KOH = CO(OK)„ + aUg- CfvtF-b2H;0. 

Calcium succinate, 0,Hj(C0„)2Ca.3Aq, is somewhat ,1 j/aringly soluble in water ; it 
occurs in the bark of the mulberry-tree. Basicferric succinate, Ee"'»(0jH40J''„(0H)'„, 
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is precipitated when ferric chloride is added to a succinate ; it has a rich brown 
colour, and its production forms a good test for succinic acid, and is useful in 
•quantitative analysis for separating Fe from Mn and some other metals. 

Succinic acid was formerly made by distilling refuse amber, .which contains it 
ready formed, in iron retorts. The distillate was decolorised by boiling with 
nitric acid, and the succinic acid crystallised. It is also obtained by fermenting, 
with yeast or old cheese, the impure calcium malate prepared from the berries 
of the mountain ash (p. 597). After standing for some days at about 35° C., 
the malate has become converted into a mixture of acetate and succinate — 

(1) GJIJ 01 I)(C 0 „T 1 )^ + H ,0 = CH -CO„H + 2CO,, + .2H„; 

(2) C,H3(OH)(CO;h)j + h; = C„H,(C03H), + H3O. 

Malic acid is liydroxysucdnic add, and is reduced by fermentation to succinic 
acid. Both malic and tartaric acid are reduced to succinic acid by the action of 
hydriodic acid. Succinic acid has been obtained synthetically by boiling ethene 
dibromide with potassium cyanide dissolved in alcohol, and boiling the ethene 
cyanide thus obtained with KOH dissolved in alcohol. 

C„H,Br.. + 2KCN = C„H,(CN)3 + 2KBr ; and 
C„H,(CN)2 ■+ 2KOH + 2H;0= C„Hj(C02K)„ + 2NH3. 

It ■will be remembered that malonic acid is obtained from chloracetic acid by 
similar reactions. 

Succinic acid is always produced in small quantity in the fermentation of sugar, 
and is therefore always present in beer, wine, and vinegar. It is also produced 
when nitric acid oxidises fatty acids containing four or more carbon atoms. It 
occurs in unripe grapes, whilst ripe grapes contain tartaric (dihydroxysuccinic) 
acid. ■ It is found in several plants, such -as lettuce, poppies, and wormwood, and in 
certain lignites. It has also been found in the urine of the horse, goat, and rabbit. 

When electrolysed, succinic acid yields C„H^, CO,, and H, as might be expected 
from its formula, C2H4(C02H)2. 

Ethylidene- or iso-succinic acid, which is isomeric with succinic, is obtained 
from a-cyanopropionic acid by treatment similar to that which converts cyanacetic 
acid into malonic acid (p. 593). It resembles malonic acid more than succinic, for 
it fuses at 130° 0., and is decomposed at 150° into COj and propionic acid. 

Pyrotartaric acid, 0,H3(C02H)2, exists in four modifications, the most important of 
which are glutaric acid, the normal acid, 00,11, and pyrotartaric acid 

or inethylsuednic acid, OOjH' GH2' 0H(0H3)/ C 6 „H. The latter is obtained by the dry 
distillation of tartaric acid mixed with powdered pumice-stone to diffuse the 
heat. The distillate is mixed with water, filtered from oily matter, evaporated on 
a water-bath, and crystallised from alcohol. Since other products are formed, 
the change cannot be expressed by a single equation, but if tartaric acid be 
'regarded as dihydroxysuccinic acid, C2H2(0H)„{C02H)2, the nature of the trans- 
formation is evident. It may also be obtained by heating tartaric acid with strong 
ffCl in a sealed tube at 180° C. It forms prismatic crystals, decomposed by heat 
into water and pyrotartaric anhydride. Pyrotartaric acid may be synthesised 
from propene, as succinic acid is from ethene. It is also formed incidentally in 
many reactions, such as that occurring when gamboge is fused with caustic potash. 

390. The higher acids of this series are not of sufficient importance to warrant 
description. The names and sources of the most important among the many 
isomerides will be found in the list on p. 570. 

391. Dibasic Acids fkom Olefine Hydeocarbons. — The acids of 
this series are unsaturated, like those of the acrylic series, and can 
therefore combine with two atoms of bromine to become dibromo- 
derivatives of the acids of the preceding class, or with two atoms of 
hydrogen to become the acids of that class. 

The first member of the series has the formula 02H,(C0„II)2, and might 
obviously exist in two forms, COjBE'CHzOH'COjH and OH, :0(00,H)2. 
There is insufficient evidence to show, however, that the two sicidsfumaric 
and maleic, both of which have the molecular formula C,H„( 00 jH),, 
are position isomer'f.ilys ; they appear rather to be stereoisomerides. 

Fumaric acid, C„H„(C( 5 ’,il:)„, is obtained by beating malic acid at iSo" C. as 
long as water distils 8ver ; 0;H3(0H)(C0,H)2=C2H2(C0,H)2-i-H„0. The residue is 



FUMAKIO AND MALEIC 2\.CIDS. 


595 


treated -witli cold water to extract unaltered malic acid and the fumaric acid is 
crystallised from hot water or alcohol. "When heated to 200° C. it partly sublimes 
undecomposed, and the rest decomposes into water and maleic anhydride. 
Heated with much water at 150°, it is reconverted into malic acid. NaOH at 
100° slowly converts it into sodium malate. Nascent hydrogen, from water and 
sodium-amalgam, converts it into succinic acid, C2H,(GO;H)2. Hydriodic acid 
effects the same change, iodiAe being liberated. ' The fum'arates of barium, 
calcium, and lead are sparingly soluble. Silver fumarate is very insoluble, and 
explodes when heated. The alkali fumarates, when electrolysed, yield CoH,, 
CO„, which forms a carbonate, and H, thus justifying the formula given for the 
acid. Fumaric acid is found in several plants, especially in fumitory, Iceland 
moss, truffles, and other fungi. JIalic acid may be converted into fumaric acid 
by boiling it with strong HCl, or by heating it with a little water at 180° C. in 
a sealed tube. Fumaric acid is not oxidised by boiling with nitric acid. 

Makic acid, isomeric with fumaric acid, is produced when malic acid is quickly 
distilled. It is crystalline, and easily decomposed by heat into water and maleic 
anhydride. It differs from fumaric acid by the solubility of its barium and 
calcium salts and by its unpleasant taste. It is converted into fumaric acid if 
kept in fusion for some time, or if boiled with dilute acids. 


In order to represent the isomerism between fumaric and maleic acid, 
it is supposed that the COjH groups are differently situated with regard 
to a plane drawn through the two nucleal carbon atoms of the molecule. 
On the plane of the paper, the supposed difference may be represented 

by the formulae •• ^ and ^ ' The first of these Wo 

^ H-O'COjH qOjH-O-H . 

formulae is called the plane-symmetrical or cis-formula, whilst the second is 
called the axial-symmei/rical, ceniri-synvmetrical, or irfms-formula. Since 

maleic acid very easily forms an anhydride, 

posed to have the first formula, because the formation of an anhydride 
would occur the more easily the greater the proximity of the CO^H 
groups.^ Many cases of stereoisomerism are believed to be explicable by 
formulm resembling those given above, so that the expressions malemoid 
and fumcuroid structure are used. 


It was seen at p. 520 that doubly linked carbon atoms might be supposed to 
occupy each the centre of a tetrahedron, which tetrahedra have one edge in 
common. When maleic acid is treated with HBr, the double linking is opened 

up, a change which may be represented thus, 

^ „ H-C-CO„H HH-C-CO„H. 

The formula for this bromo-succinic acid must be regarded as formed of two 
tetrahedra with a solid angle in common (p. 521). It is supposed that tetrahedra 
which have one edge in common cannot rotate with regard to each other, but 
that those^ which have only a solid angle in common can rotate in this manner. 
Now if case, the bromo-succinic acid shown above may rotate and 

become jjjj’G'CO H than remain as previously represented, because 

the radicles CO„H, and H or Br, may be expected to attract each other. By 
treating thm bromo-succinic acid with alkalies, it is possible to remove HBr from 
jff, and if this be done, the acid left should be fumaric acid, not maleic acid. 
This IS actually found to be the case, so that the formula given above for fumaric 
acid IS to some extent confirmed. 

Another confirmation of the formula for maleic acid resides in the fact that 
when acetylene^ dicarboxylic acid CO„H‘C ; C'CO„H is treated with nascent 
hydrogen, maleic acid, not fumaric acid, is among "the, products. If acetylene 

* Compare the ease with which 1 : 2 -phthalic acirt, yields an anhydride (p. 596). 
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•^icarbosylic acid be regarded as consisting of two tetrahedra with one face in 
common (p. 521), and a CO„H group at each free solid angle, it will be obvious 
^hat its conversion into a figure consisting of two tetrahedra having one side in 
jommon, must bring the two COoH groups on the same side of a plane drawn 
through the centres of the tetrahedra. 

Pyrocitric acids, ^ C3H/CO„H)2, include citraconic, itaconic, mesaconic, and other 
acids.^ When citric acid is distilled, the distillatb separates into two layers, and 
deposits crystals of itaconic acid; the lower layer is an aqueous solution of 
citraconic acid, from which this acid may be crystallised, whilst the upper layer 
consists of citraconic anhydride. If citraconic acid be heated for some time 
with dilute HNO3 or strong HCl, it is converted into mesaconic acid. These 
acids are isomeric, but they differ in solubility, mesaconic requiring about 40 
parts of cold water, itaconic about 20 parts, and citraconic only 1 part. The 
crystals of mesaconic acid fuse at 208° C., itaconic at i6r°, and citraconic at 
80°. They are all three reduced by nascent hydrogen to pyrotartaric acid, 
CjHgCCOjH)^, a member of the ox^ic series of acids. They combine with 
the haloid acids to form isomeric substitution products of pyrotartaric acid: 
thus-O^H.CCOjH), + HBr = C,H3Br{CO„H) ,. 

392. Of the dibasic acids from the acetylene hydrocarbons, acetylene dicarboxylic 
acid, COJI'G ; C‘CO„H, need alone be noticed. It is produced by heating dibromo- 
succinic acid, C„H2Br„{CO„H)2, with alcoholic potash, whereby 2HBr are removed. 
It crystallises with 2H2O, and decomposes when fused. 

393. Dibasic Acids from Hydrocarbons containing a Eenzene 
Nucleus. — These are obtained by oxidising benzene hydrocarbons con- 
taining side-chains. ThuSj the most important of them, the phthalic 
acids, OgHj,(COOH)2, can be prepared by oxidising the three xylenes, 
CgH/OHg).,. 

I : 2 — Phthalic acid, is prepared by oxidising naphthalene tetrachloride wdth 
nitric acid. Naphthalene, is carefully mixed, on paper, with 2 parts, by 

weight, of potassium chlorate, and added, in small portions, to 10 parts of strong 
hydrochloric acid. The naphthalene tetiachloride, CjoHjOb, thus formed, is 
washed with water till free from acid, and allowed to dry. It is introduced 
into a flask and treated with strong nitric acid (sp. gr 1.45), which must be very 
gradually added, amounting to ten times the weight of naphthalene taken. The 
mixture is heated till all is dissolved, the nitric acid boiled off, and the residue 
distilled, when phthalic anhydride distils over and is converted into phthalic acid 
by dissolving in hot water and crystallising; 0,,Hj(C0)20 + H„0 = CeHj(C02H)2. 

Phthalic acid crystallises in rhombic prisms, which are easily fusible, and 
readily decomposed into water and the anhydride. It is sparingly soluble in cold 
water, but dissolves readily in hot water, in alcohol, and in ether ; with NHj and 
BaChit yields a precipitate of barium phthalate. When calcium phthalate is 
heated with lime to .340° C., it yields benzoate and carbonate of calcium. 
Chromic acid oxidises phthalic acid completely into CO„ and H^O. Phthalic 
acid is found among the products of oxidation of anthracene, alizarin, and pur- 
purin with nitric acid or MnOo and HjSO^. 

I ; 2 ,— Phthalic acid, or isophthalic acid crystallises in needles ; it is soluble in 
hot water, is not precipitated by BaCh in presence of NH^, and yields no anhy- 
dride when heated, but sublimes unchanged. 

I : 4 — Phthalic acid, or terephthalic acid, is difBcult to crystallise, and is in- 
soluble in water, so that it is precipitated from its solutions in alkali by adding 
acid. The barium salt is sparingly soluble. The acid sublimes unchanged. 

These differences in the properties of the three phthalic acids are of importance, 
since the production of one or other of them frequently serves to decide the con- 
stitution of a benzene derivative. 

Phthalic anhydride crystallises in long prisms, m. p. 128° C. ; b. p. 284° C. It is 
used in making'sosin dyes. 

By treating the'phthalic acids with nascent hydrogen a large number of hydro- 
gen-addition pro&a&ts.hydrophthalic acids, e.g., C3H^’Hj'(COOH)2, _ has been 
obtained. These are remarkable for the numerous cases of isomerism which 
they exhibit ; the cause of this has been traced, first, to the existence of cis- 
and trans-forms, as in the case of maleic and fumaric acids, and secondly, to 
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the different positions of the double linking between the carbon atoms of the 
benzene nucleus ; thus the two dihydroterephthalic acids, 

GO„H'C<^^Qg:Q^^^-C‘CO„H and GOoH’C'^^qjj'qjj '^^CO oH, 

are found to be isomeric. The nomenclature used to express this isomerism is 
the insertion of the symbol A before the number of that carbon atom which is 
doubly linked to the one following it ; thus. A 2 would imply a benzene ring in 
which carbon atom No. 2 is doubly linked to carbon atom No. 3. The above 
formulae are, in this nomenclature, A 3, 6, dihydroterephthalic, and A 4, 6, di- 
hydroterephthalic acid, respectively. 

Isouvhic acid, C,Hs(CO._.H)„, is obtained by fusing gamboge with potash. It 
crystallises in prisms soluble in hot water. 

Cumidic acid, C6H2(CH3)j(C02H);, is prepared by boiling durene, CgH2(CH3)4, 
with dilute nitric acid. It is sparingly soluble in water, but dissolves in alcohol. 
Ciimylic acid, C„H2(CH3)j‘C02H, which is formed at the same time, fuses at 150° C. 
and sublimes in needles, while cumidic acid does not fuse, and sublimes in 
scales. 

NaplitUalic acids are dibasic acids from naphthalene, C,3H3(C02H)2 ; six out of 
ten possible isomerides are known. 

394. Dibasic Hydroxy-acids. — ^Tliese may be regardad as oxidation 
products of diprimary polyhydric alcohols, or, in the case of those 
containing a benzene nucleus, as dicarboxylic acids from phenols. 

Tartronic or hydroxymalonic acid, CH(OH)(C02H)2, is formed by the action of 
nascent hydrogen on mesoxalic acid {see beloio), which is a product of the oxidation 
of uric acid. It forms crystals which are decomposed by heat into water, GO„, 

and an amorphous substance V - . known as glycolide, an anhydride of glycol- 

CO- O-OHo 

lie acid. Tartronic acid was first obtained by heating solution of dinitrotartaric 
acid; C2H2(0N02)2(C02H)2=CH(0H)(C02H)2+N203-t-C02. It is also formed 
when glucose is oxidised by an alkaline* cupric* soiutio*n, and when glycerine 
is oxidised by' K2^I°208> Barium tartronate, from which the acid is readily 
obtained, may be prepared by heating glyoxalic acid with potassium cyanide 
and baryta-water — 

CHO • GO2H -f KCN -f Ba(OH)2+ HOH = CH( 0 H)(C 02 ) 2 Ba -f KOH -k NH3 

Jlesoxalic acid is regarded by some as dihydroxymalonic acid, C(0H)2(C02H)2, 
but since this compound contains two OH groups attached to one carbon atom, 
it is more probable that the acid is a ketonic acid of the form C0{CO2H)2-i-H2O, 
a view supported by the fact that it forms a compound with NaHSOg, and com- 
bines with hydroxylamine (see Ketones). It is best obtained by boiling alloxan 
in-v.) with baryta water. It crystallises in deliquescent prisms with 1H2O, and 
melts without loss of water at 115“ C. 

3 falic or liydroxy^cinic acid, C2H3(0H)(002H)2, is extracted from 
the juice of the unripe berries of the mountain ash. The juice is boiled, 
filtered, nearly neutralised with milk of lime, and boiled, when calcium 
malate, 02H3(0H)(00„)20a.Aq, is precipitated in minute crystals. This 
is dissolved to saturation in hot nitric acid diluted with ten times 
its weight of water. On cooling, crystals of hydrocalcium malate, 
[02H3(0H)(002H)-C02]3Ca.8Aq, are deposited. These are dissolved in 
hot water, and decomposed by lead acetate, when lead malate is pre- 
cipitated ; this is suspended in water, and H^S passed, when PbS remains 
precipitated, and malic acid is found in solution, from which ihbrystal- 
hses, though not very readily, in tufts of deliquescent neeche's. It fuses 
at 100 O., and at a higher temperature yields a feathery sublimate of 
maleic and fumaric acids (p. 595), and of maleic anhydride. When 
mng boiled vvith HOI, it is converted into fumaric acid and water. 
Hydriodic acid reduces it to succinic acid — 

C2H3(0H){C02H)2 -k 2HI = C2H3(C02H)2 - 1 - H2O - 1 - L. 
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Oxidation by chromic acid converts malic acid into malonic, CH,(005H) . 
Fused with potash it yields acetate and oxalate : -22 

CoHalOHKCOjK)^ +KOH= CHj- CO„K + (CO„K)„ + H„. 

Malic acid is one of the chief natural vegetable acids, occurring in 
apples, gooseberries, currants, &c. Cherries and rhubarb contain 
hydropotassium malate, C2H3(0H)(002H)(C02K). Tobacco contains 
the hydrocalcium malate. ISTormal calcium malate, 02B[3(OH)(002)jCa, 
is less soluble in hot water, and is therefore precipitated, like calcium 
citrate, on neutralising the acid with lime-water and boiling. Lead 
malate forms a white precipitate containing sAq, which is distin- 
guished by fusing under water to a gummy mass, becoming crystalline 
on cooling. 

From the presence of an asymmetric carbon atom in malic acid it might be 
expected that this acid would occur in three stereochemical modifications 
(p. 586). Natural malic acid, in strong solution, rotates the plane of polar- 
isation to the right, and a weak solution rotates it to the left ; but the malic 
acid prepared from succinic acid is inactive in this respect. This inactive malic 
acid is obtained by boiling bromosuccinic acid with water and silver oxide (equi- 
valent to silver hydroxide), C„H3Br(C02H)2 + Ag0H = C2H3(0H)(C02H)2-t-AgBr. 
Dextro-malic acid is also obtained by reducing dextro-tartaric acid (q.v.). 

395. Tartaric or diliydroxysmcinic acid, CO^H'OHOH’CHOH’OOjH, 
or 02112(011)2(00211)2, is prepared from the argol or tartar, deposited in 
crystalline crusts duidng the fermentation of grape-juice. This (45 
ounces) is boiled with (2 gallons) water, and neutralised by adding (i2| 
ounces) powdered chalk, which converts the hydropotassium tartrate of 
the argol into calcium tartrate and potassium tartrate — 

+ CaCOa = CjH,0,K2 -t- C^H,0,Ca + H 2 O + COj. 

The potassium tartrate dissolves and the calcium tartrate precipitates. 
Solution of calcium chloride (i3i oz. dissolved in 2 pints of water) 
is then added, to precipitate the potassium tartrate as calcium tartrate ; 

-b CaCL = O^H^OgCa + 2KCI. The calcium tartrate is strained 
off, washed, and heated for half an hour with dilute sulphuric acid 
(13 fluid ounces of acid in 3 pints of water), when calcium sulphate 
remains 'undissolved, and tartaric acid may be crystallised by evaporat- 
ing the filtered solution ; C^H^OjCa -b HjSO^ = -b CaSO^. The 

crude acid is dissolved in water, decolorised by animal charcoal, and 
again crystallised. A little sulphuric acid is generally added to promote 
the formation of large crystals. These often contain lead derived from 
the evaporating pans. 

Properties of tartaric acid. — The crystals are monoclinic prisms, very 
soluble in rvater, and fairly so in alcohol, but nearly insoluble in ether. 
When heated rapidly to 170° it fuses, and becomes an amorphous deli- 
quescent mass of metatartaric acid, isomeric with it. At 145° it becomes 
tartralic acid, CgBTjoOjj, two molecules of the acid having lost a molecule 
of wh^er ; at 180° it yields tartrelic acid, OgHgOjo, and tartaric amhydride, 
which ikdsomeric with it. All these may be re-converted into tartaric 
acid by digestion with water. On further heating, it undergoes 
destructive distillation, yielding acetic, pyroracenwc, GfLf>^,pyrotartaric, 
OjHgO^, pyrotritdfWfric, OjHgOg, and formic acids, together with dipyro- 
tetracetone, C„H„ 0 „Nyhich has a peculiar odour, like that of burnt 
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Fused KOBE converts tartaric acid into acetate and oxalate. Boiled 
Avitli nitric acid, much, of it is oxidised to oxalic acid. Distilled with 
sulphuric acid and MnO,, or it yields formic acid and^ COg. 

Hydriodic acid, in strong aqueous solution, heated to 120° 0. with 
tartaric acid, in a sealed tube, reduces it to malic acid, which is again 
reduced to succinic acid — 

C 2 H„( 0 H)„(C 0 „H)„ + 2 HI = C„H 3 ( 0 H)(C 02 H)„ {malic acid) + H„0 + I„. 

And G 2 H 3 ( 0 H)(C 0 „H)„ + 2 HI = C 2 & 4 (C 02 H )2 (succinic acid) + HjO + 1„. 
Conversely, tartaric acid can be obtained by the treatment of dibromo- 
succinic acid with moist silver oxide. 

Tartaric acid is one of the most important vegetable acids, being often 
found in fruits, associated with malic acid. It is dibasic, and is remark- 
able for forming a very sparingly soluble acid potassium salt, which is 
precipitated in minute crystals when almost any salt of potassium is 
added to tartaric acid, and the solution stirred ivith a glass rod when the 
precipitate attaches itself to the lines of friction. 

Natural tartaric acid is dextro-rotatory. 

396. Mydropoiassium tartrate, BEKC^H^Og, or cream of tartar, . is 
prepared by re-crystallising argol from hot water, which dissolves 
^th of its weight, and only retains y^th on cooling. It is nearly in- 
soluble in alcohol, which precipitates it from the aqueous solution, and 
this explains its separation from the grape- juice, as the proportion of 
alcohol increases during the fermentation. It dissolves easily in acids 
and in alkalies, which convert it into normal tartrate, KjO^H^Og. When 
heated, it evolves the burnt-sugar odour, and leaves a black mass of 
charcoal and potassium carbonate {salt of tartar). 

Sodio-potassium tartrate, NaKC^Hj05.4Aq, Rochelle or Seignette’s salt, 
is prepared by neutralising a boiling solution of sodium carbonate with 
cream of tartar, when it crystallises on cooling, in fine rhombic prisms. 
It is useful in medicine. 

Calcium tartrate, CaC,H, 03 . 4 Aq, occurs in grapes and in senna leaves. It is 
sparingly soluble in water, and is precipitated when CaCL is added to an ammo- 
niacal solution of a tartrate. It is soluble in potash and in auunonium chloride. 

Cupric tartrate, CuO^H^Og. 3 Aq, is sparingly soluble in water, but dissolves in 
alkalies to a deep-blue solution, in which two atoms of the alkali metal have 
displaced H,. Such a solution is often used in analysis, as alkaline cupric solution, 
or Felding’s^ test. Tartaric acid behaves in a similar way with several other 
metals, retaining them in alkaline solutions when they would otherwise be pre- 
cipitated as hydroxides ; in the cases of A1 and Ee, this is turned to account in 
analysis. 

Silver tartrate, Ag 2 C,H, 03 , is precipitated by silver nitrate from a normal 
tartrate ; it dissolves in ammonia, and the solution deposits metallic silver when 
heated, the tartaric^ acid being oxidised to carbonic and oxalic acids. This is 
taken advantage of in some processes for silvering mirrors. 

Potassium-antimonylrtartrate, K(SbO)O^H^Og, or tartar-emetic, is pre- 
pared by boiling cream of tartar (6 oz.) with water (2 pints) and (5 oz.) 
antimonioas oxide ; Sb^Og -t zKHC^H.Og = 2KSb00,HPg 4- From 

the filtered solution, on cooling, the salt crystallises in rhombic 
prisms of the formula aKSbOO^BE^Og.Aq. It is soluble in three parts 
of hot water and in fifteen parts of cold water. The crystals lose their 
water of crystallisation at 100° 0., and when heated over 200° the 
emetic loses the ^ elements of another molecule of water, and becomes 
KSbC^HjOg, which is reconverted into emetic by boiling with water. 
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When barium chloride is added to tartar-emetic, a precipitate is formed, 
according to the equation aKSbOC^HjOs + BaCh = BaCSbOC^H^Oj, + 2KCI. 
By decomposing this barium salt with sulphuric acid, an acid solution is'obtained, 
whichsoon deposits antimonioushydroxide,but if it be neutralised withpotashbefore 
decomposition takes place, it yields tartar-emetic. Hence it would seem that the 
emetic is the potassium salt of the acid H(Sb0C^H40e) or C„H„(OH)2(CO„)„SbO'H, 
which is derived from tartaric acid by replacing one atom of fi’ in the 
(COoH), by the monad radicle antimonyl, Sb"' 0 ". The emetic acid has been 
named tartryl antimonioiis acid, so that tartar-emetic would be potassium tartryl 
antimonite. Other tartryl-antimonites have been obtained. By dissolving Sb.O,, 
in tartaric acid, and adding alcohol, a crystalline precipitate of antimony! 
tartrate, (Sb0)2C4H^05, is obtained, and this becomes tartar-emetic when boiled 
with normal potassium tartrate (SbOljC^H^Og + ICC^H^Og = aKSbOG^H^Oj. The 
antimony in tartar-emetic may be replaced by arsenic and by boron. 

When excess of Sb203 is boiled with solution of tartaric acid, and the liquid 
evaporated to a syrup, it deposits crystals of H(SbO)C^H^Oe, which is decomposed 
by water, and appears to be identical with the tartryl-antimonious acid. 

397. Sacemic acid, isomeric with tartaric, is prepared by heating tartaric acid 
with about one-tenth of its weight of water in a sealed tube at 175° C. for about 
thirty hours. It differs from tartaric acid in the form of its crystal (a triclinic 
prism), in containing a molecule of water of crystallisation, in being much less 
soluble in water, and in being less easily fusible (202° C.). Moreover, its solution 
in water has no action on polarised hght, whilst tartaric acid is dextro-rotatory. 

Sydropotassium racemate is more soluble than the tartrate. 

Calcium racemate, CaC4H^Og.4Aq, differs from the tartrate in being insoluble in 
acetic acid, and nearly so in ammonium chloride. Precipitated calcium tartrate 
becomes crystalline on standing, and is then insoluble in acetic acid, and 
when solution of calcium tartrate in ammonium chloride is briskly stirred, a pre- 
cipitate, insoluble in acetic acid, is deposited on the lines of friction ; evidence is 
required as to whether these be not calcium racemate. 

Solution of racemic acid is precipitated by calcium sulphate, which does not 
precipitate tartaric acid unless previously neutralised. 

Racemic acid is found mixed with the tartaric acid extracted from certain 
samples of argol, and its crystals may be distinguished from those of tartaric 
acid by the cloudy appearance which they assume at 100° C., due to the loss of 
their water of crystallisation. 

The sodium-ammonium racemate, NaNH^C^H^Oy has the same crystalline form 
as the tartrate, but whilst all the crystals of this salt are exactly alike, those of 
the 'racemate differ from each other in the position of a certain unsymmetrical 
face ; this is on the right hand in the one kind and on the left hand in the other 
(enantiomer phous). When these are picked out, and the acid extracted from them, 
the right-handed crystals yield ordinary dextro-rotatory tartaric acid, whilst the 
left-handed crystals yield an acid of the same composition, which is just as 
strongly Ijevo-rotatory ; hence this is called Iwvo-tartaric acid. If equal weights of 
the dextro- and Isevo-tartaric acid, in solution, be mixed, heat is evolved, the 
solution loses its action on polarised light, and yields crystals of racemic acid. 

Mesotartaric acid, or inactive tartaric acid, is isomeric with tartaric acid, but 
is without action on polarised light, and has different properties from those of 
racemic acid. It is obtained by heating 30 parts of tartaric acid and 4 parts of 
water at 165° 0 . for two hours, in a sealed tube. The mass is dissolved in water, 
when racemic acid crystallises first. The unaltered tartaric acid is precipitated 
as hydropotassium tartrate, leaving the more soluble mesotartrate in solution. 
Mesotartaric acid crystallises in rectangular tables with one molecule of water. 
It is rather less soluble than tartaric. The normal and acid potassium salts do 
not crystallise. Calcium mesotartrate, CaC^HjOj.sAq, is at first a flocculent 
precipitate, which soon becomes crystalline ; it is insoluble in acetic acid. Free 
mesotartaric acid is not precipitated by calcium sulphate. 

The acid obtained by the action of water on the silver dibromo-succinate, ■ 
though having the same composition as tartaric acid, is really a mixture of 
racemic and mesotartaric acids. When dextro-rotatory tartaric acid is reduced by 
hydriodic acid (p. 599), it yields a dextro-rotatory m^ic acid ; but when racemic 
acid is employed, an inactive malic acid is produced, which can be decomposed, 
like racemic acid, into a dextro-rotatory and a lEevo-rotatory acid. 

398. Stereoisomerism as illustrated by the tartaric acids. — It will have been 
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noticed that there exists one more modification of tartaric acid^ than can he 
accounted for by the presence of an asymmetric carbon atom on the theory 
explained at p. 586. That there should be a dextro-, a laevo-, and an inactive 
tartaric acid follows from that theory, but the existence of a second inactive 
form requires further explanation, which may here be given. 

It is particularly to be noted that in whatever w'ay tartaric acid is synthesised, 
the inactive forms are produced. This seems reasonable on the theory that the 
inactive form consists of an equal number of molecules of dextro- and Isevo-forms, 
for it is an equal chance whether the clockwise form or the anti-clockwise form 
(p, 587) be produced when a compound CEjR,R3R4 is converted into CR,RjE3R4. 
so that both forms are produced in equal amounts and the resulting compound 
is inactive. It is generally the case that artificial compounds are inactive, 
whether they contain an asymmetric carbon atom or not. 

Racemic acid is capable of being split up into the dextro- and Itevo-acids in 
the manner described above ; but mesotartaric acid cannot be so split up., From 
this it is supposed that racemic acid consists of equal molecules of the two active 
acids, or is an externally compensated compound, and that mesotartaric acid is 
inactive from another cause, viz., because it is internally compensated. To explain 
this, reference must be made to the figures of tetrahedra which have already been 
given (pp. 521, 587) ; tartaric acid belongs to the type of two tetrahedra having 
one solid angle in common, and to the other solid angles of each tetrahedron 
there must be three different radicles, H, OH, CO^H, attached. It is evident 
that these three radicles may be similarly or differently arranged around each 
tetrahedron. If they are similarly arranged, then it will be possible on severing 
the tetrahedra to place one inside the other, so that each solid angle shall 
correspond ; if they are differently arranged, this will not be possible. It is 
supposed that when the radicles are similarly arranged, the tartaric acid is either 
dextro- or lajvo-rotatory, according as the arrangement is clockwise or anti- 
clockwise ; hut if they are differently arranged, the dextro-rotatory power of one 
tetrahedron wiU annul the Isevo-rotatory power of the other, and an inactive 
compound will result. The following figures will illustrate what has been said : 
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It ■will be well here to call attention to the chief methods which are adopted 
for separating an externally compensated compound into its active constituents (an 
internally compensated compound is, of course, incapable of such fission), (i) In 
a few cases mere crystallisation from water wiU suffice, as, for instance, in the 
case of the sodium ammonium racemate. (2) A second method consists in taking 
advantage of the tendency for another optically active substanee to form com- 
pounds of different solubility with the constituents of the inactive compound ; 
thus, if the substance under treatment be basic, it may be crystallised with an 
active acid (see coniine) ; if it be acid, it may be crystallised)with an active base, 
such as strychnine. (3) By fermenting a solution of the inactive substance with 
sonie bacillus, or by allowing some fungus to grow in the solution, one of the 
active constituents can generally be made to disappear, being consumed, in pre- 
ference to the other one, by the bacillus or fungus. This method is adopted in 
the case of lactic acid, glyceric acid, and many other inactive compounds. 

3980. Saccharic acid, C03H-[CH0H]-4C0„H, is obtained by oxidising sugar or 
starch with nitric acid, stopping short of the formation of oxalic acid. Sugar is 
heated with 3 parts of nitric acid of sp. gr. 1.3, till violent action begins. When 
no more red fumes are evolved, it is kept at 50° C. for some hours, diluted with 
t'wo or three volumes of water, neutralised with ILCO,, and acidified strongly 
vflth acetic acid. On standing, hydropotassium saccharate, C4Hj04(C0„)„HK, 
crystallises. This is dissolved in a little potash, and precipitated by cadrnium 


* The acid C02H-C(0H)yCH5-C0,H, which 
same carbon atom, has not been obtained. 


contains two OH groups attached to the 
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chloride. The precipitate of cadmium saccharate is suspended in water and 
decomposed by H„S,_ the CdS filtered off, and the solution of saccharic acid 
evaporated. Saccharic acid forms a deliquescent amorphous mass, soluble in 
alcohol and in water. Its salts are somewhat similar to those of tartaric acid, 
the acid salts of potassium and ammonium being sparingly soluble. Calcium 
saccharate, C4Hg04(C02)„Ca.Aq, is crystalline, nearly insoluble in water, but soluble 
in acetic acid. 

_Mucic acid, C02H’[CH0H]4‘C0,JH, isomeric with saccharic, is prepared by oxi- 
dising gum arabic or milk sugar with nitric acid. Milk sugar is heated with 3 parts 
of nitric acid of sp. gr. 1. 3 until red fumes are abundant ; the heat is then removed, 
when the acid separates as a granular power sparingly soluble in water and 
alcohol. The mucates differ greatly from the saccharates, most of them being 
insoluble ; the acid potassium salt is more soluble than the normal salt. B3’ 
boiling mucic acid wirh water for some time, it is converted into paramucic acid, 
which is isomeric with it, but more soluble in alcohol. Hydriodic acid reduces 
saccharic and mucic acids to adijnc acid — 


C^HgO^CCOjH)^ + SHI r= C4H„{C0.,H)2 + 4H„0 + 4L. 

Pyromucic acid, or furfurane monocarhoxylic acid, C4H30’C0.,H, is a product of 
the distillation of mucic acid, and may also be obtained by boiling furfural 
(pyromucic aldehyde, page 568) with silver oxide and water. It forms prismatic 
crystals sparingly soluble in cold water, soluble in hot water, alcohol, and ether. 
It may be sublimed. The pyromucates are very soluble. 

Meconicacid,CO<C^Q^-^ hydroxypyrone dicarhoxylic acid, is 

extracted from opium by digesting it with hot water, neutralising the solution 
with calcium carbonate, and adding calcium chloride, which precipitates hydro- 
calcium vieconate, HCaC,HO,.Aq, from which meconic acid may be crystallised by 
dissolving it in hot dilute HCl. It crystallises in plates containing three mole- 
cules of water of crystallisation, dissolving rather sparingly in cold water, but easily 
in hot water and in alcohol. Ether dissolves it sparingly. "When heated, it loses 
CO2, and becomes comenic acid, C^H^Os, and when further heated, ^^yrocomenic, 
C5H4O3. Long boiling with water also converts meconic into comenic acid. Solu- 
tion of meconic acid gives a fine red colour with ferric chloride, not bleached by 
mercuric chloride. With silver nitrate, it gives a white precipitate of hydrodiar- 
gentia meconate, HAg„C,HO„ but if a drop of ammonia be added, and the liquid 
boiled, the precipitate becomes bright yellow normal silver meconate, AgjCjHO,, 
Meconic acid is closely related, by its composition, to chelidonic <icid, C.H40e, an 
acid obtained from celandine ( Ohelidonium majzis), which belongs to the same 
botanical order as the opium poppy, which yields meconic acid. 

399. PoLrBASiC ACIDS. — Very few of these are of any importance. Tricar- 
lallylic acid, CO„H-CH:(CH„-CO..H).„may be obtained by heating citric acid'with 
hydriodic acid ;'C3H4(OH)(CO.JI)3+2HI.= C3H5(CO„H)3+H„9 + l2. This acid may 
also be built up from glycerine, C3H5(OH)3, by distilling it with PI4 to obtain 
C3H5I, converting this into glyceryl tribromide, CgH^Brj, by bromine, and heating 
the tribromide with alcohol and potassium cyanide to obtain tricyanhydrin, or 
glyceryl tricyanide, 03H5{CN)3, which yields potassium tricarballylate and ammonia 
when boiled with potash ; C3H3(CN)3 + 3KOH + 3H3O = C3H5(CO„K)3 + 3NH3. 

The calcium salts of tricarballylic, citric, and aco'nitic acids occur in the deposit 
formed in the stills of beet-sugar manufactories. Tricarballylic acid crystallises 
in rhombic prisms, which are easily soluble in water and alcohol. 


400. Git/ric acid, C3H4(OH)(COjH)3, or hydroxytricarhallylic acid, 
CO,!!- C(OH) : (CH,-CO„H),, is prepared from lemon-juice, by heating it 
and adding chalk as long as effervescence takes place ; this precipitates 
part of the acid as calcium citrate, leaving the rest in solution as an acid 
salt ; this is precipitated by adding milk of lime, and boiling. The 
calcium citrate is washed with boiling water, decomposed by exactly the 
required quantity of dilute sulphuric acid, the liquid filtered from the 
calcium sulphate, and evaporated to crystallisation. It is sometimes 
recommended to ferment the lemon- juice with 3'east for two days, and 
to filter before adding the chalk. 
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Properties of citric acid. — The crystals contain one molecule of water, 
and are rhombic prisms, very soluble in water, and fairly so in alcohol 
and ether. It^fuses at '100° 0 ., and loses its water of crystallisation 
at 130°. Heated at 175°, it loses H^O and becomes aconitic add, 
03H3(C02H)g. When further heated, this loses 00 ^, and itaconic acid 
distils over, crystallising in the neck of the retort; C3H3(C02H)3 = 
CO, + 03H^(C02H)5. The liquid portion of the distillate contains 
dtraconic acid isomeric with itaconic, into which it is converted by 
heating its concentrated solution to 120° 0 . Oxidising agents con- 
vert citric acid into acetone and its derivatives. When dehydrated by 
phosphoric or sulphuric acid, it also yields acetone, together with CO 
and 00 , ; 03H,(0H)(C02H)3 = 200^ -b CO -t- H^O 0H3- 00 • OH3 {acetonef 
Fusion with potash converts it into acetate and oxalate — 

C3H,(0H)(C0„H)3 + 4KOH = 2(GH3-C03K) + (COjK), + 3H3O. 

Citric acid is found in many fruits, associated with malic and tartaric 
acid. The citrates of potassium and calcium are present in many 
' vegetables, and in the indigo and tobacco plants. 

Solution of citric acid, mixed with excess of lime-water, gives no precipitate 
in the cold, distinguishing it from tartaric and oxalic acid ; but when heated, it 
deposits calcium citrate, Ca3(C3HjO,),.4Aq, which is more soluble in cold than in 
hot water, but it is insoluble in potash, which dissolves calcium tartrate ; 
ammonium chloride and acetic acid dissolve it. 

Magnemm citrate, Mg3(C3H50,)„.i4Aq, is easily soluble in water ; mixed with 
NaHCOj, citric acid, and sugar, and rendered granular by moistening with alcohol 
and drying, it forms effervescent citrate of magnesia. 

Ferric citrate, Fe2(C5H50,)2.6Aq, used in medicine, forms transparent red scalps 
prepared by dissolving ferric hydroxide in citric acid, and evaporating. Ferric- 
ammonio-citrate, Fe2(NHJ3(CgH30,)3, is also used medicinally. 

Citric acid may be built up from acetone by the following steps : — 

( r ) CH3 • CO • OH3 + Cl, = 2HCI CH2CI • CO • CHjCl {dichloracetone) ; 

(2) by beating this with strong hydrocyanic acid, it is converted into dichlorace- 
tone cyanhydrate, CH2C1'C(0H)(CN)'CH2C1 ; (3) this last, acted on by HCl and 
2HOH, yields NH,C 1 and dicldoracetonic acid, CH2C1"C(0H)(C02H)'0H„C1 ; (4) on 
treating this with potassium cyanide it gives' 2KCI and dicyanackonio acid, 
CH2CN'C(0H)(C02H)‘CH2CN ; and (5) by the action of 2HC] and 4HOH, this is 
conWted into 2NH4CI and citric acid, CO^.H'CIOH) : (CHo’COoH),. 

Aconitic add, CO,!!' CH :C(C02H)‘CH2'C02H, is obtained by heating citric acid 
in a retort till oily drops appear in the neck, and extracting the mass with ether, 
which leaves the unaltered citric acid undissolved. On evaporating the ether, 
aconitic acid is left in small crystals, easily soluble in water and alcohol. It is 
distinguished from citric acid by not precipitating when boiled with excess of 
lime water. Aconitic acid is found in monkshood {^Aconitum napellus), beet-root, 
and sugar-cane, and in some other plants. 

4or. Trimesic acid, or i : 3 : ^-benzene tricarboxylic a«c?, .C,H3(COJS)3, results from 
the oxidation of mesitylene ; it sublimes. 

Ilellitic add, C-ICOOH)^, is a hexabasic acid which occurs as its aluminium salt 
in a mineral mellite or honey-stone. It crystallises in fine silky needles. 

Acids containing Hiteogen. — S ee|Am7no??ia Derivatives and Cyanogen 
Derivatives. 


IV. KETONES OR ACETONES. 

402. Tlie ketones are formed from tbe acids by removing the OH 
from the group CO • OH, characteristic of the acids, and replacing it by 
another radicle, usually one of the hydrocarbon radicles of the alcohols ; 
thus, if OH be removed from acetic acid, OHg’CO’OH, and replaced by 
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methyl, CHj, the result will be acetone, CHy 00 ’ CH3. This replacement 
ean be effected by the action of a metallic alkyl compound on the chloride 
of the acid ; thus, OHy 00 • 01 + OH^Na = OH3’ 00 • OH3 + NaCl The 
ketones, therefore, contain the group CO, or carbonyl, which is also pre- 
sent in the aldehydes ; and it will be seen, on studying the constitution of 
the alcohols, that the ketones are really the aldehydes of a particular class 
of alcohols, called, from their internal structure, secondary alcohols, and 
that these may be converted into ketones by partial oxidation, just as 
alcohol is converted into aldehyde, whilst the ketones yield secondary 
alcohols with nascent hydrogen, just as aldehyde yields alcohol. 

It was shown at page 563 that the aldehyde of any acid could 
generally he obtained by distilling a mixture of a salt of that acid with 
a formate. The salts of the alkali-metals, by reason of their stability, 
are not so fitted for this reaction as are the calcium salts. If calcium 
acetate be distilled with calcium formate, acetic aldehyde would be pro- 
duced according, to the equation — 

(CHj- CO • 0 )„Ca (H • CO • 0 ).,Ca = 2(CH3- CO • H) + 2(CaO • CO,). 

But if calcium acetate be distilled with calcium acetate — that is, by 
itself — the prodiicts will be acetone and calcium carbonate — 

(CHg- CO • 0 )„Ca + (CHj- CO • 0 )„Ca = 2{CH3- CO • CHg) 2(CaO ■ CO,,), 

The aldehydes contain an atom of hydrogen united to an alcohol- 
radicle by the mediation of the CO group, whilst the ketones contain 
two alcohol radicles united through the CO group. If these radicles be 
different, a mixed or double ketone is the result; thus, by distilling a 
mixture of calcium acetate and propionate, acetone-propioneis obtained — 
(CHs-CO-OhCa-f (CoHj-CO •0)„Ca=2(CH3-C0 -C^Hs) -falCaO-CO,). 

When acted on by oxidising-agents, the ketones yield two acids, 
whilst the aldehydes yield only one, since the former contain two 
hydrocarbon radicals. Thus, acetone, CHg- CO • CH3, yields formic acid, 
H’CO-OH, and acetic acid, CHj’CO'OH; propione, C^HyCO'C^H^, 
yields acetic acid and propionic acid, CoHj’OO'OH. The ketones of 
the acetic series all yield acetic acid as one of the acids produced by their 
oxidation, showing that these ketones all contain the group OH3. 

403. Acetone, or dimethyl-ketone, CHg'CO’ OH3, or pyro-acetic spirit, is 
obtained among the products of distillation of wood (p. 548), and may 
be prepared by distilling the acetate of lead, calcium, or barium, the 
last yielding the purest product (see the above equation). The crude 
distillate is shaken with a saturated solution of hydrosodium sulphite, 
which combines with acetone (as with aldehyde) to form a crystalline 
■compound, (0H3)2C0.HjS^aS03. This is freed from the mother-liquor 
and distilled with sodium carbonate, when acetone distils over, mixed 
with water, which is removed by fused calcium chloride. 

Acetone is a colourless fragrant liquid, of sp. gi’. 0.8 1, and boiling at 
56°. 3 0 . It is inflammable, burning with a luminous flame. It mixes 
ivith water, alcohol, and ether. On adding solid KOH to its aqueous 
solution, the acetone separates and I’ises to the surface. It is a good 
solvent for certain resins and camphors. It is not so -powerful a 
reducing agent as aldehyde, and does not reduce silver nitrate. When 
oxidised by K,Mn Og or by E;2Cr,0, and H,SO^ it yields acetic and 
carbonic acids— OHg- CO • OH3 -t O, = OHg- 00 - OH + OO(OH),. 
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Formic acid, H’OO'OH, is obtained at an intermediate stage, and 
afterwards oxidised to carbonic acid. 

When the acetones are dissolved in water and acted on by amalgam of sodium, 
they yield the secondary alcohols and pinacones (p. 55^)- 

Acetone is formed when vapour of acetic acid is passed through a red-hot tube, 
and when starch, sugar, -and many other organic bodies undergo destructive distil- 
lation. It occurs in the urine of diabetic patients. 

When acted on by dehydrating agents, such as sulphuric or hydrochloric acid 
or quicklime, acetone loses the elements of water, and yields condensation-pro- ' 
diiets, richer in carbon ; thus, two molecules of (CH3)„CO, losing H„0, give 
(CH,)„C:CH’CO'CH„, mesityl oxide, a liquid smelling of peppermint, and boiling 
at 130° C. Three molecules of (CH3)pO, losing 2H„0, yield [(0113)2,0 r.CHljCO, 
pliorone, a crystalline solid, smelling of geraniums, and boiling at 196“, whilst the 
loss of another H^O gives OgH,,, mesitylene (p. 533). 

404. The following table enumerates the principal ketones ; none of them, 
except acetone, has at present any practical application. 


Ketone. 

Formula. 

Boiling Point °C. 

Dimethyl . 

. CH3 • CO CH, . 

. . 56° 

Methyl-ethyl . 

. CHj • C0 C„H3 . 

81 

Propione . 

. C^Hj-CO-ClH^ . 

103 

Methyl-propyl . 

. CH3 • CO-CgH, . 

. . 102 

Methyl-butyl . 

. CH3 • CO-C^H, . 

. . 127 

Propyl-ethyl 

. CjH.- C0-C..H5 . 

122 

Methyl-amyl . 

. ch 3 -co-c;h„ . 

. 151 

Butyrone . 

. C3H,-C0C3H. . 

144 

Valerone . 

. C.Hg-CO-cX . 

. 181 

.Caprone . 

. . C3H„-C0C3H„ . 

226 

Benzophenone . 

. . CgHg-CO-CA . 

• • • • • 

Acetophenone . 

. CH3 -CO-OeHs . 

• 199 


From their constitution, the ketones must afford many cases of isomerism ; 
thus, propione and methyl-propyl ketone have the same ultimate composition ; 
so have methyl-butyl and propyl-ethyl ketones ; methyl-amyl ketone and buty- 
rone form another pair. Moreover, each ketone of the acetic series is isomeric 
with the aldehyde of the acid following next in the series : thus, acetic ketone, 
(0113)200, is isomeric with propionic aldehyde, OjHj-OO-H. 

Methyl-ethjl hetone may be obtained by the reaction between acetyl chloride 
and zinc etbide ; 2(0H3-00’Cl)-fZn(02H5)..=2(CH3-C0‘C„H5)-fZnCl„. Itis present 
in small proportion in commercial acetone. When oxidised, it yields only one 
acid, acetic ; OlVOO •02H3-t-03=2(OH3-00-OH). 

JBensophenone, prepared by distilling calcium benzoate, forms prisms which 
melt at 49° 0. and rhombohedra which melt at 27° 0. and change into the prisms • 
-b. p. 297° 0. 

Acetopihenone, from calcium acetate and benzoate, melts at 20° 0. 

Metliyl-nomjl hetone, OHj- 00 • OgHjj, is the chief constituent of oil of rue, from 
which it may be precipitated by hydrosodium sulphite. It may be obtained 
artificially by distilling calcium acetate with calcium rutate. 

Naphthyl-phenyl hetone, OigHj-OO'OgH,, forms a dibromide, which is useful in 
optical experiments, on account of its’high refractive power. 

404a. There remain to be considered the ketone-alcohols, ketone-aldehydes, 
ketone-acids and ketone-ketones (diketones), all of which may be regarded as 
derivatives of polyhydric alcohols (see p. 556). Ketone-alcohols or Ketols are 
alcohols containing a ketone group, : CO, and may be regarded as derived from 
polyhydric alcohols containing a secondary alcohol group. Acetone- alcohol 
{acetol or acetylcarhinol), CHj' CO • CH3OH, is an example. Several of the sugars 
(q.v.) are ketone-alcohols. 

Ketone-aldehydes are exemplifed by vyroracemic aldehyde or methyl qlyoxal, 
CH,-CO-CHO, a volatile yellow oil. J > 

Ketone-acids. — ^The most important of these are the following : — Pyroracemic acid, 
CHj'CO’COoH, obtained by the dry distillation of tartaric or recemicacid (p. 598), 
as an oxidation product of ethylidene lactic acid, and by hydrolysing acetyl 
cyanide, CHgCO'CN. It is a liquid boiling about 167° C, and soluble in water ; 
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nascent hydrogen reduces it to ethylidene lactic acid. Aceto-acetic acid, 
CHj-CO'CHo'COjH, which may be regarded as acetic acid in which acetyl has 
replaced H, is obtained as its potassium salt by treating its ethyl salt (see Ethereal 
salts) with KOH. It is a liquid which dissolves in water and'easily decomposes 
into acetone and CO^ when heated. Levulinic acid, OHj'CO’OHo-CHj’COjH, 
is a product of the action of acids on various carbohydrates; it is used in 
cotton printing. Benzoyl formic acid or pliemjl glyoxylic acid, CgHs-CO •COjE, is a 
product of the oxidation of mandelic acid, and is prepared by the hydrolysis of 
benzoyl cyanide, C,,Hg'CO-CN. 

Biketones. — The simplest example is diacetyl, CHg' CO 'CO • CHg, which is prepared 
by boiling isonitroso-methyl acetone, CH3’C(NOH)‘CO'CH3, with acid. It is a 
greenish-yellow liquid smelling of quinone ; b. p. 87° 0. 

4046. Like the aldehydes, the ketones react with hydroxylamine to 
form oximes (Jcetoximes), and with phenylhydrazine to form hydrazones 
and, in the case of diketones, osazones. Thus, acetoxime is (0113)20 ; NOH ; 
acetone hydrazone is (0H3),0:l^*!NH0gH5, whilst diacetyl osazmte is — 
(0H3),0 : N-NHOgHg 
(0H3);C : L-NHOgH; 

The oximes show a number of cases of stereo-isomerism, most of them, both 
aldoximes and ketoximes, existing in a stable and an unstable {labile) modifica- 
tion. This has been explained by supposing that a difference exists in the relative 
positions of the radicles attached to the carbon and nitrogen respectively (cf. 
maleic and fumaric acids). This difference maybe represented, in the case of the 
R* 0 *H R*G*H 

aldoximes, thus ; HO'N * theory is supported by the fact that 

one of the two aldoximes nearly always loses. water more easily than the other, 
showing that the H and OH are probably nearer to each other in this aldoxime 
than in its isomeride. 


V. ETHERS. 

405. The ethers are derived from the alcohols by the substitution of 
an alcohol-radicle for the hydrogen in the OH group ; thus, if methyl 
alcohol, OHg’OH, be treated with Na, the hydroxyl hydrogen is displaced 
by sodium, and C/Hg'OHa, or sodium methoocide, is obtained. If this be 
acted on by methyl iodide — CHj" ONa -f OHjI = OHj' 0 • OH^ + Hal — the 
H in OH3OH has been displaced by OH3, and methyl ether, OHj’ 0 • OH3, 
has been formed. It will be evident that a similar reaction between 
sodium methoxide and ethyl iodide, O3H5I, would furnish methyl-ethyl 
ether, OHj' 0 ' OjHj, so that the number of ethers obtainable would exceed 
that of the alcohols. 

The ethers are generally insoluble in water, and lighter and more 
volatile than the corresponding alcohols. They are not, as a rule, so 
easily attacked by other bodies as the alcohols are. When oxidised, they 
yield aldehydes and acids. They are ‘generally convertible into alcohols 
by the action of water at high temperatures, the HOH exchanging H for 
one of the alcohol-radicles. With hydrogen haloid acids, especially with 
hydriodic acid, they yield haloid compounds, imitating, though with 
much less energy, the reactions of those acids with the alkaline oxides, 
such as K,0, which resemble the ethers in constitution ; thus — 

“iLO + 2HI = H „0 + KI ; and (CHjljO + 2HI = H.O + 2CH3I. 

406. Ether, or sulphuric ether, OjHg'O’OjH^, is prepared by distilling 
alcohol with sulphuric acid. If two measures of alcohol be carefully 
added to one measure of strong sulphuric acid, and the mixture distilled, 
ether passes over together with water, and if alcohol be added from 
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time to time, a small quantity of sulphuric acid suffices to etherify a 
large quantity of alcohol. The alcohol is first converted into hydrogen 
ethyl sulphate, or sulphethylic acid — 

H„SO, + CoHj-OH = HCjH,SO, + HOH. 

"When this is heated to about 140° 0 . with more alcohol, it is decom- 
posed into ether and sulphuric acid, which then acts in the same way 
upon a fresh quantity of alcohol — 

HC„H,SO, + OoHs-OH = + H„SO,. 

Hence the process has been termed the coniinuoits etherification process, 
and is carried out in the following manner : — 

Alcohol of sp. gr. 0.83 is carefully added, with continued shaking, to an equal 
volume of strong sulphuric acid, cooled in a vessel of water. When the mixture 
is cold, it is poured into a retort or flask (Pig. 275), which is^ connected with 
a reservoir of alcohol and a well-cooled condenser. The mixture is quickly 
, heated till it boils, when its temperature will he about 140° C. (284° F.), and 



alcohol is then allowed to pass in slowly from a siphon tube furnished with a 
stop- cock, and dipping below the liquid in the flask; the rate of flow of the 
alcohol is so regulated as to keep the mixture at the same level, in order that its 
temperature may remain as nearly as possible at 140° C. This is rendered easier 
if a thermometer be fixed in the cork with its bulb in the liquid. When the 
total quantity of alcohol used amounts to six or seven times that originally taken, 
the process must be stopped, because secondary reactions, attended by carbonisa- 
tion, have used up much of the sulphuric acid. The liquid collected in the 
receiver contains about two-thirds of its weight of ethei’, with about one-sixth of 
water, an equal quantity of alcohol, and a little sulphurous acid. It usually 
separates into two layers, of which the upper is ether. The whole is introduced 
into a narrow stoppered bottle, and shaken with cold water, added in small 
portions, as long as the layer of ether on the surface increases in volume ; a 
little potash is then added to fix SOj, and, after shaking, the upper layer of ether 
is drawn off, by a siphon or separator, into a flask containing lumps of fused 
calcium chloride, to remove water and alcohol. After standing for some hours, 
the ether is distilled off in a water bath at as low a temperature as possible. To 
free it entirely from water, it must be again rectified after digestion with 
powdered quick-lime, and finally with bright sodium, till no more hydrogen 
bubbles are visible. Jlcthjlated ether is prepared from methylated spirit, and is 
much cheaper than pure ether, for which it may often be substituted. 
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Theory of etherification. — The process described above for the pre- 
paration of ether bad long been pi-actised before a satisfactory explana- 
tion of it was arrived at. One of the earliest views regarded the 
formation of ether as a simple removal of water by the sulphuric acid 
from the alcohol, which was then believed to be a compound of ether and 
water j but against this it was urged that the water was not retained 
by the acid, but distilled over with the ether, and that the same acid 
would etherify successive additions of alcohol. Passing over the theory 
of catalytic action, or decomposition by contact, which was a mere 
statement of the facts without any real explanation, we come to the 
important observation that the first product of the action of sulphuric 
acid on alcohol is sulphethylic acid, which is decomposed, when distilled 
with more alcohol at 140°, into ether, water, and sulphuric acid, as in 
the equations given on p. 607. Yery strong evidence in favour of this 
viewis furnished by the following experiment: — Amyl alcohol, OjHjj'OH, 
is converted by sulphuric acid into sulphamylic acid, which 

is heated in the flask (Fig. 275), whilst ethyl alcohol, is allowed 

to flow in from the reservoir ; this decomposes the sulphamylic acid, 
yielding sulphuric acid, and amyl-ethyl ether — 

C5H„-so,h -t- an^-oH = c^h^-o-c^h^ + h„so,. 

If the process is continued after all the amyl-ethyl ether has passed 
over, only ethyl ether is obtained. 

Properties of ether. — A very mobile colourless liquid with a charac- 
teristic odour; sp. gr. at 15° 0 . 0.70. It boils at 34°.g 0 ., evaporates 
very rapidly in air, producing intense cold, and yielding a very heavy 
vapour, of sp. gr. 2.59, which is very inflammable, and renders ether 
dangerous in unskilled hands. It melts at - 129° C. It is sparingly 
soluble in water, so that, whep shaken with it, the ether generally rises 
to the surface on standing, rendering it very useful for collecting certain 
substances, such as bromine and alkaloids, from large bulks of aqueous 
solutions into a small bulk of ether. Ten volumes of water dissolve one 
volume of ether. Thirty-four volumes of ether are required to dissolve 
one volume of water, so that ether, free from alcohol, could not contain 
much water, but commercial ether contains alcohol, which enables it to 
take up a larger quantity of water. Ether and alcohol may be mixed 
in all proportions, but the addition of much water generally brings the 
ether to the surface. Ether is much used in laboratories as a solvent, 
especially for fatty substances and alkaloids, and by the photographer 
in making collodion. 

The properties of ether admit of some interesting experiments. 

1. If a little ether be evaporated by blowing upon it in a watch-glass, with a 
drop of water hanging from its convexity, the water will be speedily frozen. A 
thin beaker containing ether may be frozen to a wet table by blowing into it with 
the bellows. 

2. A piece of tow, wool, or sponge, wetted with ether, is placed at the upper 
end of a sloping trough or gutter of wood or metal, over six feet long; a match 
applied at the lower end fires the train of vapour. 

3. A jug is warmed with a little hot water, emptied, and a little ether poured 
into it ; the vapour may be poured into a row of small beaker-glasses, each of 
which is afterwards tested with a taper. 

4. A pneumatic trough is filled with warm water, and a small test-tube filled 
with ether is inverted with its mouth nnder the water, and quickly decanted up 
into a gas-jar filled with warm water, when it will be vaporised, and may be 
decanted through the water into other vessels, and treated like a permanent gas. 
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SoniG cold, water poured over tte containing it at once proves its condensalilo 
c h c t) 0 r* 

407. Etlier is produced by other reactions than" that between alcohol and’ sul- 
phuric a^ ; and, although these are not used for the economical preparation of 
ether, they explain its constitution and confirm the modern view of etherification. 
Thus! 'ethyl ioaide heated with sodium oxide, in a sealed tube, at 1 80° 0 ., yields 
ether and sodium iodide; 2C„H5l + Na20=(C2H5)20 + 2NaL Silver oxide, Ag,jO, 
eifects the conversion more easily. Alcohol, heated with ethyl bromide and 
potash, ■'yields ether, water, and potassium bromide; CoHj-OH-f C„H5Br-l-K0H = 
(C,H,hO + HOH + KBr. Ethyl iodide, acted on by sodium ethoxide, yields ether 
and sodium iodide ; CoH5l + CoHg'0Na=C2H5*0‘C^H3 + NaI. Ethyl iodide, heated 
with a small quantity of water, under pressure, yields, first alcohol, and after- 
wards ether — 

CoHjI + HOH = C^Hs • OH + HI, and C„H J + C^H^- OH = C .H^ • 0 • C^Hj + HI. 

Other acids besides" sulphuric are able to produce ether from alcohol, especially 
those which are non-volatile and polybasic, such as phosphoric, arsenic, and 
boracic, which probably act in the same way as sulphuric. But certain salts, 
such as zinc chloride and aluminium sulphate, also generate ether from alcohol, 
and the explanation of this is less simple. It will be found that such salts are 
capable of decomposition by water, with formation of basic salts and free acid ; 
thus, ZnCh + HOH = ZnCl • OH + HCl, or A 1 „(S 0 -F 4HOH = A1„S04(0H)^ 2H2SO4. 

If these "reactions take place with alcohol, OH, instead of with HOH,’ the 
products would be C^HsCl instead of HOI, and CjHj'HSOj instead of HoSO^, and it 
has been seen that" either of these would react with the excess of alcohol to 
produce ether. 

Ether may be converted into alcohol by heating it with water and a very little 
sulphuric acid, in a sealed tube, at i8o°C. The ether is probably converted at 
first into sulphethylic acid ; (C2H5)20-f2H„S04=2(C^H5’HS0J + H„0 ; and sulph- 
ethylic acid, heated with much water, yields alcohol and sulphuric acid — 
CoHj-HSO^ -b HOH = CoHj-OH -t- H^SO^. 

■When ether is acted on by hydriodic acid gas, in the cold, it yields alcohol and 
ethyl iodide; (C2H5)20-tHI = C„H5’0H-bC2HjI. If a mixed ether, such as ethyl- 
amyl ether, be treated in this w*ay, the radicle containing most carbon is the one 
converted into an alcohol ; CjH,' 0 • C5H,, HI = CjH,, ■ OH + CoHjI. 

Ordinary oxidising agents convert ether into aldehyde and acetic acid. Ozonised 
oxygen converts it into formic, acetic, and oxalic acids and hydrogen peroxide. 

When ether vapour is passed over heated potash, hydrogen, marsh gas, and 
potassium carbonate are formed, potassium acetate being probably produced in 
the first stage of the reaction; (CjHjUO-taKOH-f H„0 = 2K0„H302-t4H„. 

Ether enters into combination with several metallic chlorides and "bromides, 
forming crystalline compounds ; stannic chloride combines with two molecules 
of ether, forming SnCl4(CjH,oO)2 ; aluminium bromide forms Al2Brg(C^H,20)2. 

Ether is inflamed by contact with chlorine ; but if it he very well cooled, and 
light be excluded, it yields a series of substitution products. Monoclilorether, 
dicMorctlier, and teiracldorether are known. Per elilor mated etlier, C4C1,„0, requiring 
sunlight for its formation, is a crystalline body smelling like camphor. 

408. Methyl etlier, or dimethyl oxide, CH^-O-CHj, is a gas prepared by adding 
methyl alcohol (2 parts by weight) to cooled HjSO^ (3 parts) and heating to about 
140° 0, keeping up a supply of methyl alcohol, as in the preparation of ether. 
The reaction is the same as in the preparation of ether, hydromethyl sulphate, 
or suljihometliylic acid, CHg-HSOj, being formed at first, and decomposed by more 
methyl alcohol. _ The gas may be stored for use by passing it into cooled 
HjSO^, which dissolves 600 volumes of it and gives it up again when mixed with 
water. 

Methyl ether is a fragrant gas, condensed by cold or pressure to a h'quid boil- 
ing at -21° C., and used for producing cold. Water absorbs about 37 times its 
volume of the gas. It is inflammable. 

409. It will be remarked that the ethers derived from the alcohols 
of the series C„H2„+20 form an homologous series isologous with the 
alcohols, that each ether is metameric with the isologous alcohol, and 
that the ethers containing an odd number of carbon atoms are mixed 
ethers. 
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Ethers'. 


'Alcohols. 


Methyl . 

Methyl-ethyl 

Ethyl 

Ethyl-propyl 
Propyl , 


GH3-0'CH3 

Ethyl 

GH3-0-C„Hs 

Propyl . 

G„H3-0-G;H5 

Butyl 

. . G2‘H3-0-G3”H2 

Amyl 

. . G3H2-0-G3H3 

Gaproic . 


CjH, -OH 
C3H, -OH 
C.H, - OH 
C^Hn-OH 
C3H,3-0H 


410. The dihydric alcohols or glycols also yield ethers when their hydroxyl 
hydrogen is displaced by a radicle. Thus, glycol or ethene alcohol, 02H^(0H)2, 
yields CjH^’Oj'CjH^, di^ethene dioxide. To obtain this body, glycol is saturated 
with HCl gas and distilled, when it yields glyeol-chlorJiydrin, or ethylene hydrate 
chloride; C2H4(OH)2-f HCl = C„H^‘OH’Cl-f HOH. When this is distilled with 
potash, it gives ethylene oxide”; CjHj'OH’Cl-fKOHr^OjH^O-f KCl-fH„0. When 
ethylene oxide is treated with bromine it is converted into (CoH^O^jEr^, from, 
which mercury removes the bromine, leaving (CjHJjOj. This ethylene ether is a’ 
liquid, boiling at 102“ G., and miscible with water, alcohol, and ether. 

When monosodium glycol, C„H4(OH)(ONa), is acted on by ethyl iodide, it behaves 
in a similar way to sodium ethoxide, yielding Nal and monethyl glycol ether, 
CjH^OH • OOoHj ; when potassium acts on this, it displaces hydrogen, forming 
CjH^OK'OC.Hj, and if this be treated with ethyl iodide, it gives di-ethyl glycol 
ether, C2H4(OGjH5)„, and potassium iodide. 

41 1. Glycerine kher, G3H5‘03'G3H3, represents glycerine, G3H5(OH)3, in which 
glyceryl, C3H3, has replaced the three hydrogen atoms of the hydroxyl. It is 
formed when glycerine is distilled with calcium chloride. It is a colourless, 
inodorous liquid, boiling at about 170° G., and of sp. gr. 1.16; it mixes with 
water. Its behaviour with hydriodic acid is analogous to that of ethyl ether, for 
it is converted into glycerine and glyceryl tri-iodide — 

G3H3-03-G3H3 -t- 3HI = G3H3(0H)3 4 - G3H3I3. 

Benztjl ether, G,H,'0-GjH„ is prepared by distilling benzyl alcohol with boric 
oxide, B2O3, which removes the elements of water, 2G,H,0H-H0H=G,H/0'G,H,. 
It is a colourless liquid, not miscible with water, and boiling at above 300° G. 

412. The ethers are enumerated in the subjoined table: 


Ether. 

Methyl 



Formula. Boiling Point °C. 

. GH,-0-GH3 . .-21 

Methyl-ethyl 



. GH,-0-G„H3 . 

. G2H3-0-C2H3 . 

. ir 

Ethyl 



• 35 

Methyl-propyl . 



. GH3-0-G3H, . 

• 39 

Ethyl-propyl 



. G2H3-0-G3H, . 

. 64 

Propyl 



. G3H,-0-C3H, . 

• 91 

Ethyl-butyl 



. C2H3-0-04H3 . 

• 92 

Butyl 



. G.Hg-O-G^H, . 

. 141 

Getyl 



• G.3H33-0-G,3H33 

• 300 

Glycol 



. G„H4-0„-G,H4 . 

. 102 

Monethyl glycol 



. G,:H4-0H-0C„H3 

• 134 

Di-ethyl glycol 



. G:H4-(0G2H3)2 . 

. 124 

Glycerine . 



. G3H3-03-G3H, . 

• 171 

Ethyl glycerine 



. G3H3(0H)2-0-G2H3 

. 230 

Di-ethyl glycerine 



. G3H5-OH{OC„HO., 

. 191 

Tri-ethyl glycerine 



. G3H3-03(G2H;)3 : ■ 

. 185 

AUyl 



. G3H3-0-G3H3 . 

• 94 

Methyl-allyl 



. GH3-0-G3H3 . 

. 46 

Ethyl-allyl 



. G2H3-0-G3H, . 

• 63 

Ethyl-propargyl 



. G2H3-0-G3H3 . 

. So 

Benzyl 



. GjH^-O-G^H, . 

. 298 

Methyl-benzyl . 



. GH3-0-G,H2 . 

. 168 

Ethyl-benzyl 



. GoHj-O-GjH. . 

- 185 

Phenyl-benzyl . 



. GX-O-G-HI , 

. 287 


YI. HALOGEN DERIYATIYES. 

413. Halogen Cosipotjnds from Hydrocabbons. — (A) Fo'om open- 
chain hy dr ocarhons . — ^It has been already noticed (p. 517) that these 
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products result in many cases from the direct action of the halogens on 
the hydrocarbons. Whilst 01 and Br will thus react by metalepsis 
with hydrocarbons, iodine can seldom do so unless an absorbent for HI 
ie.q. HgO) be present ; this is because the metalepsis is a reversible 
reaction (p. 283), e.g., OH^ + lo'^OHgl + HI. 

Since the unsaturated hydrocarbons generally combine with the 
halogen to form addition products (p. 520), which are either identical or 
isomeric with the halogen substituted saturated hydrocarbons,* some 
other method must generally be resorted to in order to prepare halogen 
substitution products of unsaturated hydrocarbons. Thus, they are 
obtained either by treating the halogen substituted saturated hydro- 
carbons with reagents which will remove halogen hydride, or by only 
partially satm’ating still more unsaturated hydrocarbons with halogen ; 
e.g. , 0 ,Hpi, - HOI = 0,H3C1 ; 03 , -i- 01 ^ = O.H^Ol^. 

The halogen substitution products from all hydrocarbons are obtain- 
able by the interaction of the alcohols with phosphorus halides, or, what 
is equivalent, with phosphorus and a halogen. Examples will be met 
with in the following pages. In a large number of cases the mere 
treatment of an alcohol with halogen hydride, particularly in the 
presence of a dehydrating agent, will produce the halogen substitution 
product, the reaction being of the type Il‘ OH + HX = RX + HOH. 

Methyl chloride, or monochloro-methane CH3CI, is prepared by passing 
HOI gas into a boiling solution of zinc chloride in twice its weight of 
methyl alcohol contained in a flask connected with a reversed condenser. 
The methyl chloride is evolved as 'a gas which may be washed with a 
little water to remove HCl, dried by passing over calcium chloride, and 
condensed in tubes cooled in a mixture of ice and calcium chloride 
crystals. The final result is expressed by the equation OH3OH + HCl = 
OH3OI HOH. The zinc chloride probably acts in the manner de- 
scribed at page 609. Methyl chloride is an inflammable gas of ethereal 
odour, which is liquefied by a pressure of z^ atmospheres at 0° 0. 
The liquid boils at - 22 ° 0 . under atmospheric pressure. Four volumes 
of the gas are absoi’bed by water and 35 volumes by alcohol. 

Methyl chloride may also be prepared by distilling methyl alcohol with sodium 
chloride and sulphuric acid. It is made on a large scale, for use in freezing- 
machines, from the trimethylamine obtained by distilling the refuse of the beet- 
sugar factories ; this is neutralised with hydrochloric acid, and heated to 260° C., 
when it is decomposed into trimethylamine, ammonia and methyl chloride ; 
3N(CH3)3HC1= zNCCHjlj -f NH, + 3CH3CI. 

Methyl chloride is very stable ; potash decomposes it with difficulty, yielding 
methyl alcohol and potassium chloride. It is used in the preparation of some 
of the aniline colours. 

Ethyl chloride, or monoclilorethane, C^HjCl, is prepared by passing 
HCl gas into a boiling solution of fused zinc chloride in tAvice its weight 
of alcohol of 95 per cent,, as directed above for methyl chloride; 
C,H50H-bH0l = C,H501-f HOH, The vapour is passed through a 
little water, then over calcium chloidde, into 95 per cent, alcohol kept 
cool by water. The alcohol absorbs half its weight of ethyl chloride, 

* It will bo remembered that the unsaturated hydrocarbon will also combine directly 
with halogen-hydrides to form substituted saturated hydrocarbons. It is to be noted 
that when this is the case the halogen attaches itself to the carbon atom which has the 
smallest number of hydrogen atoms attached to it. Thus, from propylene, OHj- CH : OH,, 
and HOI, there results CHyCHCl-CHs, isopropyl chloride, not 0H3" CHj- CHjCl. 
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wliich may be evolved from it by gently heating, arid purified by 
passing through a little sulphuric acid. 

Ethyl chloride condenses to a fragrant liquid of sp. gr. 0.92 and 
boiling point I2°.5 C. It is sparingly soluble in -water, It burns -mtb 
a bright flame edged -with green. Ethyl chloride is formed when olefiant 
gas and HCl are heated together for some time. 

Methyl Iromide, CHgBr, is prepared by acting upon methyl alcohol -with phos- 
phorus and bromine ; 3CH30H-t-Br3-hP=3CH3Br + P(0H)3. Four parts of methyl 
alcohol are poured on i part of red phosphorus in a well-cooled retort with 
reversed condenser, and 6 parts of bromine are gradually added. After two or three 
hours, heat is applied hy a water-hath, and the vapour condensed by a freezing 
mixture. Methyl bromide boils at 4°.s, burns feebly, and smells like chloroform. 

Ethyl iromide, CjHjBr, may be prepared like methyl bromide, using 16 parts of 
absolute alcohol, 4 parts of red phosphorus, and 10 parts of bromine. • It is 
liquid boiling at 39° C. ; sp. gr. 1.419. “ 

Methyl iodide, CH3I, is prepared on the same principle as the bromide, 10 parts 
of iodine being dissolved in 4 parts of methyl alcohol, and i part of red phos- 
phorus added in small portions. After heating in a water-bath for some time, 
the mixture is distilled. The methyl iodide is the lower layer of the distillate. 
It has a pleasant smell, sp. gr. 2.29, and boils at 44° C. It mixes with alcohol, 
but not with water. When kept, it becomes brown from separation of iodine. 
It is converted into CH3CI gas when heated with HgCL dissolved in ether. 
Hydriodic acid, at 150° C., converts it into CH^. Methyl iodide is used in making 
aniline dyes. 

Ethyl iodide, O5H5I, is prepared by pouring 5 parts of absolute 
alcohol on i part of red phosphorus in a retort, adding gradually 
10 parts of iodine in powder, setting aside for twelve hours, and 
distilling in a water-bath -with a good condenser. Ethyl iodide mixed 
with alcohol distils over, lea-ving phosphoric acid in the retort (together 
with some phosphethylic acid formed by its action on some of the 
alcohol), 3O2II5OH -k P + 13 = 3C2II5I -k P(0H)3. The distillate is shaken, 
in a stoppered bottle, -with about an equal measure of water and enough 
soda to render it alkaline. The ethyl iodide collects as an oily layer at 
the bottom ; this is separated from the upper layer by a tap-funnel or 
pipette or siphon, allowed to stand -with a little fused calcium chloride 
in coarse powder, to remove the water, and distilled.' 

Ethyl iodide has a pleasant smell, sp. gr. 1.93, and boiling point 
72° 0 . It becomes brown when kept, especially in the light, iodine 
being liberated, and butane formed ; 2O3H.I = O^Hjp + 1 ^. Ethyl iodide 
is sparingly dissolved by water, but readily by alcohol and ether. 

Ethyl iodide is a very important reagent in organic researches for 
introducing the group into the places of other radicals. 

Methyl fluoride, OHgF, is a gas obtained by heating potassium fluoride with 
potassium sulphomethylate, KCHgSOj. It is combustible,, and produces hydro- 
fluoric acid. Ethyl fluoride boils at —48° C. 

The monohalogen substitution derivatives of the paraffins higher in 
the series than ethane, exist in isomeric forms which are exactly 
analogous to the isomeric alcohols (p. 549), a halogen being substituted 
for OH. 

414. Dihalogen derivatives of ethane can ob-viously exist in two 
modifications, CHjX-OHjX, or ethylene halides, and OHg-OHXj, 
ethylidene halides. The former are obtained by the direct addition 
of halogen to ethylene, and since by judicious treatment with moist 
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silver oxide' they can be converted into glycol balogen-bydi’ins^ (e.y. 
glycol chlor-hydrin, q.v.) they most probably have the formula assigned 
to them above. The ethylidene halides can be obtained from aldehyde 
by treatment with phosphorus pentahalides (p. 5^2). 

JEthylene chloride, ethene dichloride, or Dutch liquid, C2H^Cl2, may be obtained 
from glycol by distilling it with PUl^ — 

+ 2PCI5 = CjH^Cb + 2POCI3 + 2HCI ; 

but it is generally prepared by allowing equal volumes of dry ethene gas and dry 
chlorine to pass into a large inverted globe or flask, the neck of which passes 
through a cork into a receiver for the condensed liquid, Ethene dichloride 
smells rather like chloroform ; its sp. gr. is 1.28, and it boils at 83°- 5 Cl. ; it is nearly 
insoluble in water, but dissolves in alcohol. 

Ethylidene chloride, GHjCHoGl is best prepared by the action of COClj on 
CH,* CHO, carbon dioxide being liberated. B. p. 57° C. 

Mhylene bromide, or ethene dibromide, C.HjBrj, is prepared as described at 
p. 556. It resembles the dichloride, but its sp. gr. is 2.16, and it boils at 131° C. 

Mhene di-iodide, GJH4I2, obtained by heating iodine in olefiant gas, forms silky 
needles, which may be sublimed in the gas, but are easily decomposed into 
C2H4 and I. 

The difference in the stability of ethene chloride, bromide, and iodide is shown 
by the action of alcoholic solution of potash, which converts ethene dichloride 
into monochlorethene, or vinyl chloride, G„H4Cl2 + KOH = G2HjGl + KGl + HjO ; whilst 
the dibromide yields, in addition to the vinyl bromide, a quantity of acetylene ; 
GjH4Br„ + 2K0H=C2H2+2KBr + H„0 ; and the di-iodide is much more easily de- 
composed, giving very little vinyl iodide and much acetylene. 

Methene di-iodide, CH„I„, may be obtained by heating iodoform with strong HI 
in a sealed tube, at about’ 130° G., for some hours ; CHl3-i-HI = GHjI„-l-l2. It is 
a liquid remarkable for its high specific gravity, 3.345, and is used for determin- 
ing the specific gravities of precious stones. It 'boils at 182° G. 

415. Chloroform, or tri-chloromeilmne, OHOI3, is prepared by distilling 
I part of alcohol (sp. gr. 0.834) with 10 parts of chloride of Inne and 40 
parts of water, at 65° 0., until about ij part has passed over; the dis- 
tilled liquid, consisting chiefly of water and chloroform, separates into 
two layers ; the chloroform, which is at the bottom, is drawn ofi", shaken 
with sti’ong sulphuric acid to remove some impurities, and when it has 
risen to the surface it is separated and purified by distillation until it 
boils regularly at 61° 0 . (142° F.). Chloroform is said to he now 
prepared from acetone in a similar manner. 

The action of chloride of lime on alcohol has not been clearly explained ; it 
might be expected that chloral would be formed at first by the oxidising and 
chlorinating actions, and that this would be converted into chloroform and 
calcium formate by the strongly alkaline calcium hydroxide in the chloride of 
limy (see Chloral), but much G0„ is given off, causing frothing during the distil- 
lation. Probably the chloroform is produced by some such reaction as the 
following ; 3G„H„0 -f 8Ga(qGl)2 = 2CHCI3 8H,0 + CO,, -i- sCaCL 4- sCaCOg. 
Pure chloroform is m'ore easily prepared by decomposing chloral hydrate with 
potash or soda. 

Chloroform is a very fragrant liquid of sp. gr. 1.53, and boiling-point 
•61° C. It is very useful in the laboratory as a solvent, and is much 
used for extracting strychnine and other alkaloids from aqueous solu- 
-tions. It is also one of the best solvents for caoutchouc. Chloi’oform 
is very slightly soluble in water, and gives it a sweet taste. Alcohol 
dissolves it in all proportions, and it is nearly as soluble in ether. Strong 
sulphvu'ic acid does not afiect it, and is not coloured by pure chlorofoi’m. 
Aqueous solution of potash does not decompose it, but the alcoholic 
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solution converts it into potassium chloride and potassium formate- 
CHOI3 + 4E:0H = 3KCI + HOO • OK + 2nOH. If Dutch liquid j 

be present as an impurity in the chloroform, gaseous chlorethylene 
(CjHgOl) is evolved. When heated with alcoholic potash and aniline, it 
yields phenyl-carbamine {q.v.\ the powerful odour of which renders 
this a delicate test for chloroform. Heated with alcoholic solution of 
ammonia in a sealed tube at 180° 0., it gives ammonium chloride and 
cyanide; CHOI3 + 5NH3 = 3NHPI + NH^-CN. When heated with 
potassium-amalgam, chloroform evolves acetylene; 2CHCI3 -t- 3X3= 
CjHg + 6 K 01 . That chloroform is really a substitution-derivative from 
methane is shoAvn by its conversion into that gas when dissolved in 
alcohol and heated with zinc-dust ; by the formation of tetrachloro- 
methane, OCl^, by the action of chlorine (in presence of iodine) upon 
chloroform, and by that of dichloro-methane, CH^Cl,, by the action of 
zinc and sulphuric acid. 

When chloroform is heated with sodium ethoxide, it is converted into 
ortho-formic ether ; CHCI3 -f 3lTaOC2H3 = 3Ha01 -h CH(002H5)3. 

lodofoi'm, CHI3, or tri-iodo-methane, is a product of "the action of 
iodine upon alcohol in an alkaline solution, the immediate agent being 
probably a hypo-iodite, whilst chloroform is produced by a hypo-chlorite. 
To prepare it, dissolve 32 parts of potassium carbonate in 80 parts of 
water, add 16 parts of alcohol of 95 per cent, and 32 parts of iodine; 
heat gently till the colour of the iodine has disappeared, when iodoform 
will be deposited on cooling. Much of the iodine has been converted into 
KI ; to recover this, the filtrate from the iodoform is mixed with 20 parts 
of HOI and 2.5 parts of potassium dichromate, which liberates the iodine. 
The liquid is neutralised with potassium cari)onate, and 32 parts more 
of that salt are added, together with 6 parts of iodine and 16 of alcohol ; 
the operations of heating and cooling are then repeated. 

Iodoform is deposited in yellow shining hexagonal plates, smelling of 
saffron. It fuses at about 115° 0 ., and may be sublimed with slight 
decomposition. It is insoluble in water, but soluble in alcohol and 
ether. When boiled with potash, it is partly volatilised with the steam, 
and partly decomposed, yielding potassium iodide and formate. The 
production of iodoform is a very delicate test for alcohol (p. 547), but 
many other substances also yield it. Iodoform is used in medicine and 
surgery. 

Bromoform, CHBrj, is produced when bromine is added to an alcoholic solution 
of potash. It has a general resemblance to chloroform. Crude bromine some- 
times contains bromoform. 

Gliloriodoform, CHICh, is obtained by distilling iodoform with HgCL. It is a 
yellow liquid, boiling at'i3i° C. The corresponding bromine compound'has been 
prepared. 

Trichl<yro;propane exists in several forms. The commonest of these is glyceryl 
trichloride or trichlorhydrin, CH.CT CHCl-CHjCl ; it is obtained by the action of 
phosphoric chloride upon glycerine, 03115(011)3 -f sPCls^CgHsCh-f 3HCl-f3POCl,. 
It is a liquid of pleasant smell, sp. gr. 1.42, and boiling at 158° G. It is sparingly 
soluble in water. 

Tribromhydrin, CjHjBrj, is a crystalline solid. The iodine compound corre- 
sponding with this does not appear capable of existing. 

416. Alhjl chloride, CIR:CH-CHoI, is obtained by distilling allyl alcohol with 
phosphorus trichloride. Tt has a pungent smell, sp. gr. 0.95, and boiling-point 
'46° C. ; it is insoluble in water. Allyl bromide may be prepared by distilling allyl 
alcohol with KBr and H^SO^ mixed with an equal bulk of water. It is capable of 
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combining with bromine to form glyceryl tribromide, CgH^Br^, and with HBr to 
form CHJBr'CHo'CHjBr, trimetliylene bromide. Allyl iodide, C3H5I, is prepared 
from glycerine (200 parts) by adding iodine (135), filling the retort with COj, and 
adding, very gradually, vitreous phosphorus (40). The distilled liquid is washed 
with a little NaOH, and dried with GaClj. Probably glyceryl tri-iodide is first 
produced; C3H5{OH)3+P-H3=C3H5l3+P(OH)3 ; the tri-iodide is then decom- 
posed into C3H5I and Ij. Allyl iodide has a very pungent odour of leeks, sp. gr. 
1.85, and boiling point 101° C. It is remarkable for combining with mercury, 
shaken with its alcoholic solution, to form mercury allyl iodide, Hg"C3H5l, de- 
posited in colourless crystals, which become yellow in light, and yield HgL and 
C,H5l when treated with iodine. Ag„ 0 , in presence of H, 0 , replaces the I by 
OH, producing HgCgHj' OH, mercury allyl hydroxide, an alkaline base. Bromine 
converts allyl iodide into tribromhydrin, CjHjBrg. 

The halogen-propylenes — e.g., a-chloropropylene, CHj" OH : OHCl, isomeric with 
the allyl halides — exist in a maleinoid and a fumaroid modification (p. 595). 

Projiargyl chloride, CH : C-CH_,C 1 , is obtained by acting on propargyl alcohol 
with phosphorus chloride. 

417. (B) Halogen denvatives of closed-chain hyd/i’ocarhons . — These 
may be halogen substitution or addition products, and the substitution 
or addition may be either in the benzene (or other closed chain) 
nucleus, or in side chains, or in both. Thus, whilst only one compound 
of the formula CgH^X exists, there are two of the formula C^HyX, 
namely, CgH^X-OHj^ and CgHj'CHjX. Again, three compounds 
of the form OgH.Xj are known, and five of the form OjHgXj, viz., 
CgHgXj- CHg{3X CgH,X; CH,X and OgHg- OHX3. 

The nucleal substitution products are more stable than are the open- 
chain hydrocarbon substitution products. Thus, OgHgCl will not yield 
OgHjOH when treated with AgOH, whilst CjHjOl yields CjHjOH by 
this treatment. But the side-chain substitution products behave as 
open-chain derivatives. 

The direct action of halogens on benzene itself produces chiefly 
substitution products. In the case of its homologues, nucleal sub- 
stitution occurs if the action be allowed to proceed in the cold, 
' especially in the dark and with addition of iodine; whilst at higher 
temperatures, and in sunlight, side-chain substitution occurs. Thus, 
CgH^Br’OHjis formed when Br attacks cold toluene, but CgHj’CHjBr 
if the temperature is higher. 

The treatment of phenols (or alcohols) with phosphorus halides, and a 
special reaction to be described under Diazo-comj)Ounds, also yield these 
halogen derivatives. 

Chlorobenzene or phenyl chloride, CgHjCl, may be prepared by the direct action 
of Cl on C„Hg (in which case it has to be separated from small quantities of 
C^H^CL, CgHjClg &c.),_or by the action of PCI5 on phenol; CgH,OH PCI5 = 
CgHjCl+POClj-fHCl ; it is a colourless liquid, boiling at 132° C. Bromobenzene 
(b. p. 156° C.) is similarly prepared. Jodotenzeue (b.p. 185° C.) may be obtained by 
heating benzene with iodine and HIOj (to absorb HI; p. 611) at 200° C. By 
dissolving it in CHClj and passing Cl through the solution the dichloride, 
C^gtljl ; CL is prepared ; this is of theoretical importance, since the iodine in it is 
trivalent ; when it is treated NaOH it yields iodosobenzene C^HjI : O which is a 
base forming salts such as CgH^I : OCrOj ; when heated it becomes iodobenzene 
and ivdoxybcnzene, C,,HjIO;, an explosive substance presumably containing penta- 
valent iodine. 

C/Jorofohtencs, CgH, CP CHj, are obtained by passing Cl into cold toluene con- 
taining iodine. 

Benzyl chloride, CgHj-CBLCl (b. p. 176° C.), benzol chloride, CgH/CHCL (b. p. 206“ 
C.), and 6e?!=ofric7i?oridc,C„H,-CCl3(b.p.2i3“C.),are obtained by chlorinating boDing 
toluene, the Cl being passed into the liquid until the increase of weight calcu 
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lated for the particular compound required, has been attained. They are colour- 
less liquids * and can be prepared by the action of PClj on the corresponding 
oxygen compounds— viz., benzyl alcohol, benzoic aldehyde, and benzoic acid— into 
which they are converted by hydrolysis. They are intermediate products in the 
manufacture of benzaldehyde from toluene (p. 566). 

■ Two of each of the monohalogen substitution products of naphthalene exist (p. 536), 
a-Ohloronaphthale 7 ie, 0,„H,CJ, is a colourless liquid (b. p, 263° 0.) and is the product 
of passing Cl into boiling naphthalene. /3-0'AZoro-7mp7it/iaZe?ie crystallises in lamin® 
(m. p. 61° C. ; b. p. 257° C.), and is obtained by treating, /3-naphthol, C,„H/OH, 
with POI5. Ten dichloro-naphthalenes are known. 

When naphthalene is chlorinated in the cold, naphthalene tetrachloride, CjoHgCl,, 
is formed ; this crystallises in colourless rhombohedra, melts at 182° C., and becomes 
0,(,HgCL when boiled with KOH. Since it yields phthalic acid and not a chloro- 
phthalic acid when oxidised, all the Cl atoms must be in the same benzene nucleus, 
and the compound must have the orientation i : 2 : 3 : 4 (p. 536). 

Anthracene dichloride, C^H^ ; (CHCl), : C^Hj, is formed when chlorine is passed 
oyer cold anthracene, whilst at a high-temperature y-chloi'anthracene (m. p. 103° C.) 
and y-dichloranthracene (m. p. 209“ C.) are produced (p. 537). They form yellow 
needles. 

The halogen derivatives from other condensed benzene nuclei are of little 
importance, 

418. Halogen Compounds formed from tjie Aldehydes and Acids. — 
Chloi'al or iri-clilor aldehyde, OOlj* CHO, is prepared by passing thoroughly 
dried chlorine into absolute alcohol, which must be placed in a vessel 
surrounded by cold water at the commencement, because the absorption 
of chlorine is attended by great evolution of heat. The passage of 
chlorine is continued for many hours, and when the absorption takes 
place slowly, the alcohol is gradually heated to boiling, the chlorine 
being still passed in until the liquid refuses to absorb it. The principal 
reaction is represented by the equation, OHg' OHj' OH -f 4Clj = 
SHCl-f OClg’OHO; but .the HOI acts upon part of the alcohol, forming 
ethyl chloride and water. On cooling, the product solidifies to a crystal- 
line mixture of the compounds of water and alcohol with chloral, from 
which the latter may be obtained by distillation with sulphuric acid. 

. On the large scale, chlorine is passed into alcohol of at least 96 per 
cent, for twelve or fourteen days. The crude product is heated with 
an equal weight of strong sulphuric acid in a copper vessel lined with 
lead. HCl escapes at first, and the chloral distils over at about 100° 0 . 
The distillate is rectified, and mixed Avith water in glass flasks, when 
cldoral hydrate, OClg'OHO.H.O, is formed, which is poured into porcelain ’ 
basins, where it crystallises. 

Chloral is a liquid of sp. gr. 1.5, and boiling point, 97° O. It has a 
pungent, tear-exciting odour, and irritates the skin. Exposed to air, it 
absorbs water and forms crystals of the hydrate, Avhich is produced at 
once when chloral is stirred with a few drops of water, heat being 
evolved. When quite pure, it may be kept unchanged, but, in presence 
of impurities, especially of sulphuric acid, it soon becomes an opaque 
white mass of rmtachloral, which is insoluble in water, alcohol, and ether. 
This is probably formed by the condensation of three molecules of 
chloral, into which it is reconverted at 180° 0 . It will be remembered 
that aldehyde is liable to a similar polymerisation. Chloral also re- 
sembles aldehyde in forming crystalline compounds with hydrosodium 
sulphite, and in giving a mirror of silver with silver ammonio-nitrate. 
With ammonia, it forms CCl3*CH(NH2)(OH), corresponding Avith 
* Benzyl chloride and benzyl bromide have a tear-sxciting odour. 
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aldehyde-ammonia. Zinc and HCl substitute II3 for the OI3 in. chloral, 
converting it into aldehyde. ITitric acid oxidises it to irichlovacetiG acid, 
CClj-OO^H, which forms deliquescent crystals and boils at 190° 0. - 
When heated with KCN and water it yields dicUoracetiG acid, 

CClj-OHO -i- KCN + H3O = CHGL-COjH 4- KCl 4 - HCN. 

Potash decomposes it easily; 00l3‘0B[0 4-K0H = C0l3lI, chloroform, 
4- H- CO -OK, pokmium formate. Chloral is formed when starch or 
sugar is distilled with HCl and MnOj. 

Ghloi'al hydrate, CCI3 CH(0H)2, produced by the combination of 
chloral with water, forms prismatic crystals, which are very soluble in 
water and alcohol, and have the odour of chloral. It fuses at 57° C., 
and boils at 97°, but is dissociated into chloral and steam, which re- 
combine on cooling. It is employed medicinally for procuring sleep. 

Chloral cdcoliolate, GCl^'CYL- OH- is formed wLen chloral is dissolved in 
alcohol. It forms crystals like the hydrate, hut is rather less soluble in 
water. 

Bromal, obtained by the action of bromine on alcohol, is very similar to 
chloral. 

Croton-chloral, or hulyl-chloral, CHj'CHCl'CGL'CHO, is tricliloroTjutyric alde- 
hyde, and is prepared by substituting aldehyde for alcohol in the preparation of 
chloral, when croton-aldehj^de is first produced, and is converted into butyl 
chloral; (i) 2CH3CH0 = CH3 0 H: CH-CH 04 -H„ 0 ; (2) CH 3 -CH:CH-CH 04 - 20 l 2 
=C3H,Cl3-CH0 4 -HCl, 

Croton-chloral is an oily liquid of pungent odour, sp. gr. 1.4, and boiling point 
164° C. It combines with water to form a hydrate which dissolves in hot water, 
and crystallises, on cooling, in plates which have a very irritating odour. It has 
been used in medicine. 

418a. Halogen compounds formed from the acids hy the substitution of a 
halogen radicle for hydroxyl. — These bodies have their counterparts 
among inorganic compounds; thus, if, in nitrous acid, NO'UH, the 
OH be replaced by 01 , we obtain nitrosyl chloride, HOOl; and, in 
acetic acid, 0H3*00’0H, a similar exchange gives acetyl chloride, 
CHj’CO’Cl. Thus they are cJdoranhydrides (p. 187), or the chlorides of 
negative radicles, just as the alkyl chlorides may be regarded as chlorides 
of positive radicles and compared with KOI. 

Ho compound of this kind has been obtained from formic acid, and 
since its formula would be HOO'Cl, it is intelligible that it should 
break up into HOI and 00 , which have been the results of aU efforts to 
obtain it. 

419. Acetyl chloride, OHg'OO'Ol, or acetic chloride, is prepared by 
distilling acetic acid with phosphorus trichloride ; 3OH3OOOH 4- P013 = 
30H3000l4-P(0H)3.'*’' Three parts by weight of glacial acetic acid are 
gradually added to 2 parts of phosphorus trichloride, kept cool, and 
the mixture distilled on a water-bath. The distillate may be rectified 
over fused sodium acetate to I’emove any phosphorus trichloride. The 
pentacldoride may also be used, 

' CH3-C00H 4 - PClj = CHj-CO-Cl 4- POCI3 4- HCl. 

Acetyl chloride is a colourless liquid, which fumes in air, and has 
an irritating odour; its sp. gr. is i.ii, and it boils at 55° 0. Water 
decomposes it with violence, yielding hydrochloric and acetic acids* 
<JH3-C0-Cl-i-H0H = CH3-C0-0H4- HCl. If alcohol be employed 

* HCl is generally evolved, so the reaction is more probably vCHa'COOH 4- aPCh:^ 
3Cn3-C00l4-P;034-3HCl. J .5 a t 3 -- 
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instead of water, ethyl'acetate is produced; OHj-CO'Ol + 0,Hj‘0H = 
OH3'CO'OC2ll5 + HCl. This mode of reaction renders acetyl cUoride a 
most useful reagent for discovering the constitution of alcohols. 


Some other instructive reactions produce acetyl chloride, such as that between 
acetic anhydride (di-acetyl oxide) and phosphorus pentachloride (CoHjO),© -i- PCJj = 
2O2H3OCI + POCI3 ; or between phosphorus oxychloride and sodium" acetate— 
POCI3 -b aOHgCOONa = 2GH3COCI + NaPO^ + NaCl ; it was thus that acetyl chloride 
was first made. By distilling sodium acetate with acetyl chloride, acetic anhy- 
dride is obtained— C2H30-0Na+C2H30-Cl=(C2H30)20 + Na01. By careful treat- 
ment with sodium-amalgam and snow, ethyl alcohol has been prepared from 
acetyl chloride ; CjHgOCl + C2H3OH -b HCl. 

Acetyl hromide, CHa’CO'Br, is prepared by distilling acetic acid with bromine 
and phosphorus ; it resembles the chloride, but boils at 81° 0., and becomes yellow 
when kept. Acetyl iodide, CHj’CO'I, is less stable, and is prepared by distilling 
acetic anhydride with iodine. 

The haloid compounds formed from the higher members of the acetic series of 
acids are prepared in a similar manner, and generally resemble those of acetyl, 
but have higher boiling points. 

Benzoyl chloride, or henzoic chloride, C^Hj'CO’Cl, is prepared by distilling benzoic 
acid with phosphoric chloride ; C3H5‘C0‘0H-bPCl5=P0Cl3-b0„H5'C0’01-bHCl. 
It is a pungent smelling liquid, of sp. gr. i-n, and boiling point 199° C. It is 
decomposed by water, but more slowly than is acetyl chloride, yielding benzoic 
and hydrochloric acids. It may also be obtained by the action of chlorine on 
bitter-almond oil (benzoic aldehyde) ; CgHj' CO ■ H 4- CL = C^Hj • CO- Cl -b HCl. The 
benzoic bromide and iodide may be obtained by heating the chloride with 
KBr or KI. 

Cinnamic chloride, 0,0 ‘Gl, obtained like the preceding, is an oily liquid 

boiling at 260° C. 

Lactyl chloride, C„HjCl’CO-Cl, is formed when lactic acid is heated with 
phosphoric chloride"; CjH.OH • CO • OH -b 2PCI3 = C,.H,C1 * CO • Cl -b 2POCI3 -b 2HOI. 
It is easily decomposed by water, yielding hydrochloric and a-chloro^rqpionio 
acids; C„H4Cl-CO-Cl-bHOH=C2H^Cl-CO-OH-bHCl. 

Salicylic chloride, C^H^Cl-CO'CL, produced in a similar way from salicylic acid, 
yields chlorobenzoic acid when decomposed by water; C3H4Cl CO‘Cl-bHOH = 
CsH^Cl-CO-OH-bHCl. 

Succinyl dichloride, C^HjCCOCl),, is obtained by distilling succinic acid with 
phosphoric chloride; C2"H4(C0 -011)2 -b2PCl3=C2H4(C0Cl)2-b2P0Cl3-b_2HCl. Itis 
a fuming liquid, of sp. gr. 1-39, boiling at 190° C.-., With water it yields hydro- 
chloric and succinic acids. 


Fumaryl dichloride, C„H,(C0-C1)2, is the product of the distillation of fumarjc 
acid, C.,H2{C0-0H)„, and o"f its isomeride, maleic acid, with phosphoric chloride. 
It boils at 160° C. * Malic acid also yields fumaryl dichloride when distilled with 
phosphoric chloride; C2H3(OH)(CO-OH)2-b3PCl5=C2H2(GO-Cl)2-b3EOCl3-b4HOL 

Tartaric acid, C2H2(0H)2(C00H)2, heated with phosphoric chloride, is converted 
into chloromaleic chloride, C„H01(C"0-C1)2, an oily liquid which yields crystals of 
chloromaleic acid, C2HC1(C0 -'0H)„, when decomposed by water. 

Phthalyl dichloride, C3H4(C0*"C1)„, is obtained by distilling phthalic acid, 
C5H4(C0-0H)2, with phosphoric chloride. -■ It is a yellow, oily liquid, boiling at 
about 268° C. It is more stable than most other compounds of this class, being 
slowly decomposed by water into hydrochloric and phthalic acids. Even solution 
of NaOH only slowly decomposes it. 

It appears to have the constitution C^H^ 0, since nascent H converts 

it into fhthalide, C3H4 ^ O, a lactone from hydroxymethylbenzoic acid, 

CHjOH-CjH^-cbOH. 


VII. ETHEREAL SALTS. 


420. Ethereal Salts formed from Acids by the substitution of an 
Alcohol Radicle for Basylous Hydrogen. — ^These compounds (some- 
times -termed esters') are numerous and important, and correspond m 
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coDaposition witli the salts forrued by the substitution of metals for 
hydrogen in the acids. They may be formed from inorganic as well as 
from organic acids, by one of three methods ; (i) The alcohol may be- 
heated with the acid, the salt of which is to be prepared, whereby water 
is eliminated. (2) The chloranhydride (p. 617) of the acid may be 
heated with the alcohol. (3) The halogen derivatives of the hydrocarbons 
may be heated with the silver salt of the acid; 2C2H5I + AgoSO^ — 


(aH,)2S0, + 2AgI. . , . , . 

The ethereal salts exhibit a resemblance to the metallic salts in being 
decomposed by the hydroxides of the alkali-metals, with formation of 
the alcohol corresponding ivith the radicle of the ethereal salt, and of a 
salt of the alkali-metal ; thus, ethyl acetate, heated with potash, 
yields ethyl alcohol and potassium acetate; 0H3-C0202Hj + K.0H = 
Cjns-OH-t- OHj-OOjB:. a reaction of this kind is termed the saponi- 
fication of the ethereal salt, because the formation of soap is effected in 
a similar way by the action of alkalies on the fats and oils, which are 
ethereal salts formed by glycerine with the higher members of the acetic 
series of acids. 


421. Jlet/ujl hydrogen sulphate, or sulpliomethylic acid, HCH^SO,, is prepared by 
slowly adding methyl alcohol (i weight) to strong: sulphuric acid (2 weights) ; 
the mixture, which becomes hot, is heated to boiling, cooled, and neutralised 
with barium carbonate, which precipitates the excess of sulphuric acid as barium 
sulphate,- leaving harium sulphomethylate in solution; this is evaporated ’on a 
steam-bath, and finally in vacuo, when the barium salt crystallises in square 
tables having the composition Ba(CH3SO^)„.2Aq. By dissolving this in water, 
and precipitating the barium with the correct quantity of H2S04, a solution of 
sulphomethylic acid is obtained, which may be concentrated in vacuo to a syrupy 
acid liquid. The reaction between the methyl alcohol and acid is 
CHa'OH -f HoSOi = CHjHSOj + HOH, 

but it can never be complete, because the reaction is a reversible one (p. 283). 
Sulphomethylic acid is an unstable compound. At 130° C. it is decomposed 
into sulphuric acid and methyl sulphate, 20H3HS04 = {0H3)„S04-fH„S0,. Boiled 
with water, it gives sulphuric acid and methyl alcohol"; CH3H’S04-i-H0H= 
CH3OH + IIoSO^. Heated with methyl alcohol, it gives methyl ether — 

CH3HSO4 CH 3 - 0 H = CHj-O-CH., H2SO4. 

Heated with alcohol, it gives methyl-ethyl ether — 

CH3HSO4 CoHj-OH = CH3-0-aH3 -i- H3SO4. 

The basylous hydrogen in HCH3SO4 may be replaced by an equivalent weight of 
a metal, forming sidphomethylates, which are all soluble in water. 

Sulphomethylic acid is formed when methyl alcohol is gradually added to 
well-cooled chlorosulphonic acid ; CHj-OH + ClHO-SO.jrrHCl-i-HOHaSO^. This 
shows the true relation in which sulphomethylic acid stands to sulphuric 
acid, HO’HO'SO„; chlorosulphonic acid, HO'Cl’SO„; sulphomethylic acid, 
HO-CHjO-SO,. ■ ‘ r 

SIcthyl sxdpliatc, (CH3)„S04, is prepared by gradually adding methyl. alcohol 
(i -weight) to strong sulphuric acid (8 weights) and distilling the mixture. The- 
portion which distils at 150° C. is shakenwith water, and the lower layer rectified 
over CaCl~ Much of the CH, group is, however, broken up in tliis process. 
A better result is obtained by distilling sulphomethylic acid at 130° under 
diminished pressure. It is a liquid of peculiar odour, sp. gr. 1.32, and boiling 
point iS8° C. It does not dissolve in ■water, but is slo-wly decomposed, yielding 
methyl alcohol and sulphomethylic acid. Many of its reactions resemble 
those of inorganic salts ; thus, if distilled with NaCl, it yields methyl chloride, 
CHjCl, and With sodium formate it gives methyl formate and 

Na..SO.. 

Sidphcthyhc or cthyl-sulphxiric or sulphovinic acid, HC^HjSO,, is prepared in the 
same way as sulphomethylic acid, employing equal weights of alcohol and sulphuric 
acid. It is a viscid liquid, very similar in its properties and reactions to sulpho- 
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methylic acid. The sulphethylates are soluble and easily crystaUisable salts. 
The potassium sidjiliethylale, KCjHjSO^, obtained by decomposing the calcium salt 
■with KjCOg, is much employed for the preparation of other ethyl salts by double 
■decomposition. Calcmm sulphethylate, Ca (CoH^SO^lg. aAq, is obtained by gradually 
■adding strong rectified spirit to twice its weight of strong sulphuric acid, heating 
to the boiling point, cooling, diluting with water, and neutralising with chalk. 
The calcium sulphate produced by the unconverted sulphuric acid is strained off, 
■and the liquid evaporated on a steam-bath till it crystallises on cooling. The 
barium and lead sulphethylates also crystallise with zAq. Silver sulpliethylate, 
Ag-C2H5S04.Aq, is soluble in water and alcohol. 

Sulphethylic acid is formed when olefiant gas is absorbed by sulphuric acid ; 

- 1 - H„S 04 = HOjHgSO^. 

Jt/thyl sulphate, (C„H,)„S04, is obtained by the reaction between ethyl iodide 
-and Ag„S04in a sealed tube at 150° C. ; aCjHgl-f- Ag2S04=2AgI-f(CjH5)„S04. It 
is a fr%rant liquid, of sp. gr. 1.18, and boiling point 208° C. It does" not mix 
■with water, and is scarcely decomposed by it in the cold, but when heated -with 
it, yields alcohol and sulphethylic acid. Heated alone, it is decomposed into 
•ethene and sulphuric acid ; (0„H5)„S04=2C2H4 + H2S04. 

Ethyl sulphate may also be obtained by passing vapour of SOg into well-cooled 
■ether; S03-t-(C„H5)„0 = {02H5)„S04. ■ It is obtained as a secondary product in the 
preparation of ether, forming "the bulk of the liquid called heavy oil of wine. 

Sulphamylic or amylsulphuric acid, HC5H„S04, is similarly prepared. 

Jdhenyl- sulphuric acid is vioknQv^n', potassium phenylsulphate, S02‘0CgH5'0K, is 
■obtained by the prolonged action of potassium bisulphate on phenol dissolved in 
potash ; CgHg- OK 2SO2O HOK = SO,- OCgHg OK + S02(0K)2 + H2O. The product 
is extracted with hot alcohol, from -which it crystallises in tables soluble in water. 
It is decomposed by exposure to moist air, or by boiling with water or dilute 
HCl, yielding phenol and hydropotassium sulphate — 

S02-0C,,Hg-0K -t- HOH = HO-CgHg -1- S02-0H-0K. 

Potassium phenylsulphate is found in the urine in small quantity. 

422. Ethyl nitrate or nitric ether, C2Hg’N03, is prepared by acting upon alcohol 
with nitric acid carefully purified from nitrous acid. It is not advisable to_ pre- 
pare it on a large scale, from the danger of explosion. 80 grms. of nitric acid of 
■sp. gr. 1.4 are heated on a steam-bath, and about 2 grms. of urea nitrate are added 
to decompose any nitrous acid. After a time, the mixture is well cooled, and 
15 grms. more urea nitrate are added, followed by 60 grms. of alcohol of 
sp. gr. 0.81. The mixture is carefully distilled on a steam-bath, the product 
being collected in fractions, of which the first is chiefly weak alcohol. The nitric 
ether is separated from the alcohol in the distillate by addition of water’, shaken 
with addition of a very little potash, the lower layer separated, allowed to stand 
■over fused calcium chloride, and distilled. The reaction between the alcohol and 
the nitric acid is CgHj-OH-t-HNOg^OgHg-NOg-fHOH. The decomposition of the 
nitrous acid by the urea is expressed by 2HN03-i-C0(NH2)2=C02+N4 + 3H20- 
"When alcohol is mixed with ordinary nitric acid containing nitrous acid, the 
latter oxidises the alcohol to aldehyde and other products, which act upon the 
nitric acid in a very violent and sometimes explosive manner ; but when urea is 
present, the nitrous acid acts on this instead of on the alcohol, and ethyl nitrate 
is tranquilly produced. 

Ethyl nitrate has a very pleasant smell, and sp. gr. i . i ; it boils at 86° C., and 
its vapour explodes when heated, from the sudden disengagement of HjO and 
■COj. Water dissolves it very sparingly. Alcoholic solution of potash converts 
it into KNOg and alcohol. 

, 423. Ethyl nitrite, CoH^NOn, is the chief product of the action of nitric acid upon 
alcohol, until it becom'esVery violent, the nitric radicle NO3 being reduced to the 
nitrous radical N 0 „ by the conversion of part of the alcohol into aldehyde. To 
prepare pure ethyl'nitrite, loo c.c. of a solution containing 46 grms. of potassium 
nitrite are mixed -with 50 c.c. of alcohol, and the mixture allowed to run slowly 
into a cooled mixture of 50 c.c. of alcohol, 100 c.c. of water, and 75 grms. of sul- 
phuric acid. The ethyl nitrite is distilled over by the heat of reaction, and is 
condensed by ice. It is purified by shaking with a little dry potassium carbonate. 

Ethyl nitrite is much lighter and more volatile than the nitrate, its sp. gr. 
being 0.9, and its boiling point 17° C. It has a yellowish colour, and a pleasant 
odour of apples. Like many other nitrous and nitric ethereal salts, it may be 
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preserved unchanged if perfectly pure, but if water or other impurities be- 
present, it decomposes, becoming, acid, evolving red vapours, and bursting the 
bottle. Alcoholic potash converts it into KNO, and alcohol. 

The spiritus astheris nitrosi, or sweet spirit of nitre, used in medicine, is made by 
carefully adding 2 measured ounces of sulphuric acid to a pint of rectified spirit, 
slowly adding 2| measured ounces of nitric acid to the cooled mixture, pouring it 
upon 2 ounces of fine copper wire in a retort with a good condenser, and distilling 
between 77° G. and 80°, until 12 measured ounces have distilled. Half an .ounce- 
more nitric acid is then poured into the retort, and three more ounces distilled 
over ; the distillate is then mixed with two pints of rectified spirit. Hence the 
sweet spirit of nitre consists chiefly of spirit of wine, holding in solution ethyl 
nitrite, aldehyde, and some other products of the reaction. The proportion of 
ethyl nitrite present varies greatly, according to the efficiency of the condenser. 
Less is found in old samples, in consequence of volatilisation and chemical 
change. The presence of aldehyde is shown by the brown colour (aldehyde-resin) 
which it gives when shaken with alcoholic potash. Neglecting secondary changes, 
the formation of the ethyl nitrite in the above process may be represented by 
C„H,- OH -P HNO., -t- H„SO, -f Cu = CoH^NO, + CuSO^ + aH^O. 

’Methyl nitrite, CHjNO.j, is a gas condensable by ice and salt. 

Methyl nitrate, CH3N63, is a dangerously explosive body prepared like ethyl 
nitrate. Its sp. gr. is 1.18, and it boils at 66° G. It detonates under the hammer. 
It was formerly used in making aniline dyes, but it caused several accidents. 

It will be noticed that the alkyl nitrites are isomeric with the. nitro-paraffins- 
{q.v.) 

424. Amyl nitrite, GjHuNO,^, may be prepared by distilling amyl alcohol with 
potassium nitrite and sulphuric acid, or by passing NjOj into amyl alcohol ; it is 
a yellow liquid of sp. gr. o.g, and boiling point 96° G. It has a remarkable smell, 
and the peculiar effect of its vapour when inhaled has led to its employment in 
medicine. The vapour of amyl nitrite explodes when heated. 

The ethereal salts formed by phosphoric acid have no practical interest. When 
phosphoric anhydride is acted on by alcohol vapour, it deliquesces and yields a 
mixture of phospho-monethylic acid, HjG.,H5P04, phospho-diethylic acid, H(G2H3)3P04,. 
and tri-ethyl phosphate (G3H,)3PO.,. 

Ethyl arsenite, (G„H3)3AsC)3, (b. p. 166° G.), is obtained by the reaction between 
sodium ethoxide and arsenious chloride; 3G„H30Na-fAsGl3=(G3H3)3As03-k3NaGl. 
With water it yields ethyl alcohol and arsenious acid. 

Ethyl horate, (G3H5)3B03, or boric ether (b. p. 120° G.), is produced by the action 
of B3O3 on alcohol under pressure. Its vapour burns with a green flame. It is 
decomposed by water into GJIj'OH and B(OH)3. 

Ethyl silicate, or silicic ether, (G^Hjl^iSiO^ (b. p. 165° G.)is obtained by decompos- 
ing silicic chloride with alcohol; SiGl4-P4G„H30H=(G„H5)jSi04-f 4HGI. Its 
vapour burns with a bright flame, evolving clouds of Si6„. Moist air slowly 
decomposes it into alcohol and a hard mass of silicic acid. If the alcohol 
used in preparing it contains any water, ethylmetasilicate, (G„H^),Si03, (b. p. 350° 
G.) is formed ; SiGl^ aG.HjOH H „0 = (G2Hj)3Si03-f4HGl. As might be expected 
from the chemical tendencies of silicon, several complex silicates and chloro- 
silicates of ethyl have been obtained. 

425. Ethyl ortliocarbonate, (GoHjljGO^, (b. p. 159° G.) is formed upon the imagi- 
nary type C(OH)^, or orthocarbonic acid, (p. 252) ; it results from the action of 
sodium on an alcoholic solution of chloropicrin — 

GGI3NO3 -f 4G3H3OH -}- Na^ = {CM^\CO^ -i- 3NaGl -P NaNO, -f H,. 

^ Ethyl carbonate or carbonic ether, {C^f)„CO„ (b. p. 126° G) is obtained by heating 
silver carbonate with ethyl iodide in a sealed tube. Acted on by chlorine, it 
yields jycrchlor ethyl carbonate, (0.3013)^0,, a crystalline solid. 

Potassitim carbethylateoT carbovinate, KG..H,COs, is precipitated in crystals when 
GO„ is passed into a solution of KOH in absolute alcohol kept cool. 

Ethyl perchlorate, G3H3CIO, (b. p. 74° G), is prepared by distilling barium per- 
chlorate with barium sulphethylate. It is a very explosive liquid. 

The ethyl cornpounds have been chiefly taken as representatives of the ethereal 
s.alts of inorganic acids, but it must be understood that similar bodies mav be 
formed with other alcohol radicals. 

■^7*’ 7 org.anic acids give rise to a large number of ethereal salts. 

Methyl formate, HCO-Cll,, is obtained by distilling sodium formate with potAs- 
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sium sulphomethylafce ; HC0„lsra+KGH3S04=HC0jCH3 + KNaS04. It is isomeric 
with acetic acid, CHjCOjH, but it boils at 36°. The whole of its hydrogen may 
be replaced by chlorine, yielding ClCOjCClj, chloromethyl formate, which is de- 
■composed by heat into 2COCL, carbonyl chloride. Methyl formate is also pro- 
duced when methyl alcohol is heated for some time with formic acid. 

Methyl acetate, CHgCOoCHj (b.p. 56° C), is prepared by distilling methyl alcohol 
with dried lead acetate and sulphuric acid ; it is a fragrant liquid, lighter than 
water, with which it mixes freely. It is a constituent of crude wood-spirit. 
Alkalies decompose it easily. It is metameric with propionic acid. 

Methyl oxalate, (GO„)„(CH3)j (b. p. 162“ G) is obtained by distilling methyl 
alcohol with an equal weight of H^SO^ and oxalic acid ; it solidifies in scales 
fm. p. 51° G) in the receiver ; when distilled with water it yields methyl alcohol and 
oxalic acid. 

427. Ethyl formate, ov formic ether, IICO„C„H^ (b. p. 55° G) is prepared by dis- 
tilling sodium formate (7 weights) with sulphuric acid (10) and alcohol (6). The 
distillate is freed from acid by shaking with a little lime, and redistilled. Formic 
ether is a fragrant liquid used for flavouring rum. It dissolves in nine times its 
weight of water ; the solution decomposes when kept into formic acid and 
alcohol. Formic ether is also prepared by heating molecular proportions of 
alcohol and oxalic acid with glycerine for some time in a retort with a reversed 
condenser, and distilling the product (see p. 571). 

Ethyl acetate or acetic ether, GH,' GOgGoHj, is prepared by distilling alcohol with 
sodium acetate and sulphuric acid .60 grammes of absolute alcohol are gradually 
added to 150 grms. of strong sulphuric acid; the cool mixture is poured upon 
100 grms. of fused sodium acetate, in small fragments, in a retort with a good 
condenser. The distillate is shaken with small quantities of saturated solution 
of salt, to remove alcohol, and the acetic ether, which rises to the surface, is 
■drawn off, placed in contact with calcium chloride to remove water, and dis- 
tilled. Its production is expressed by the equation — 

GjHg-OH -f- HoSO^ -1- GHg'GOoNa = GHg-GOg-GgHg + NaHSO^ -k HOH. 

It may also be prepared by allowing a mixture of alcohol and acetic acid to flow 
into sulphuric acid heated at 130° C. (see p. 607). 

Ethyl acetate is a fragrant liquid, smelling like cider; it has sp, gr. 0.91, and 
boils at 72° G. It requires about eleven times its weight of water to dissolve it, 
and the solution slowly decomposes into acetic acid and alcohol. It mixes readily 
with alcohol and ether, and is useful as a solvent and for flavouring. In chemical 
■research it is a valuable reagent, especially for the synthesis of acids. Ghlorine 
•converts it into jyercliloracetic ether, CCVCOg’GjOlj, which smells like chloral. 
Iodine and aluminium acting together upon acetic ether give ethyl iodide and alu- 
minium acetate. Gaustic alkalies, especially in alcoholic solution, easily saponify 
it, yielding acetates and alcohol, CoHj'CgHgOj-f K0H = G„H5’0H-kKG2H302. 

428. Ethyl aceto-acetate, or aeetacetic ether, GHj’GO’GHg’GOoCjHj, is the ethyl 
salt of aceto-acetic acid (p. 606) and is prepared by acting on ethyl acetate with 
sodium, treating the product with a dilute acid, diluting with saturated brine 
and fractionally distilling the light oil which is separated ; the ethyl aceto-acetate 
boils at 180° G. The ultimate result of the action of sodium on ethyl acetate is 
expressed by the equation — 

aGHg-GOgGgHg + Na^ = GHg-CO-GHNa-GOgGjHj + GoHjONa + H„. 

Thus the first product is ethyl sodacetoacetate ; this is decomposed by the dilute 
acid, yielding etliyl aceto-acetate — 

CH3-G0-GHNa-G0,.G3Hj -k HGl = GHg’GO-GHg-COgGgHj -k NaGl. 

Ethyl acetoacetate is a colourless liquid, smelling of hay. It is sparingly 
soluble in water, but dissolves in alcohol, the solution giving a violet colour with 
FCjClg, and a green crystalline precipitate, Gu(G3H30g)„, with a strong solution of 
copper acetate. It has an acid bias, for alkalies dissolve it and acids re-precipi- 
tate it from the solutions ; but alkali carbonates will not dissolve it. 

Ethyl acetoacetate is of great utility in synthetic chemistry, since, through its 
means a variety of complex acids and ketones can be synthesised. This is 
rendered possible by two facts : (i) When ethyl acetoacetate is heated with 
alkalies it yields either a ketone (acetone) or an acid (acetic acid) according to 
the concentration of the alkaline solution. Thus, with dilute aqueous or alcoholic 
potash the reaction is — 


GHg-CO-CH, 


GOjGgHg -k 2KOH = CHg-GO-GH, -k If-GOg -k GgHiOH ■ 
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whilst with concentrated alcoholic potash the reaction is — 


CHj-CO 


CH,,-C02C„H3 + 2 KOH = aCHa'COjK + C^HjOH. 


The first type of decomposition is called Jcetonic decomposition, the second is acidic 
decomposition. (2) When ethyl sodacetoacetate is treated with an alkyl iodide, the 
sodium is replaced by the alkyl group; thus, ethyl etliylacetoacetate may be 
prepared, CHj-CO •CHNa-COAHs + C^HJ^CHj-CO-OHCjHs-CO^O^H. + Nal. By 
treating this with sodium, ethyl sodeihylacetoacetate, OHj'CO'CNaOjHj'COjC^Hs 
may be made, and this can be converted into ethyl diethylacetoacetate 
CH3'C0'C(C2Hj) 2-C02C„H5. Other alkyl radicles maybe substituted instead of ethyl. 
These substituted acetoacetates may be represented by the general formula 
CH3’C0’CRIt'‘C02C„H., and such a compound can be made to yield the substituted 
ketone CHj* CO • CfiRR' or the substituted acid CHRR' • COjH, (together with acetic 
acid) according as it is made to undergo the ketonic or the acidic decomposition 
described above. 

Ethyl acetoacetate combines with phenylhydrazine and hydroxylamine like a 
ketone (p. 606) showing that acetoacetic acid must contain a ketone group— ^.e., a 
CO group attached to two C atoms. Moreover, by reduction it yields the secondary 
alcohol-acid, CH3' CHOH • OH,' COoH (^-hydroxyhutyric acid). It is a fact, however, 
that in many respects ethylacetoacetate behaves as though it were ethyl ^-hydroxy- 
isocrofounfe, CH3‘C0H : CH-COjCjHj. This is explained by supposing that it 
can exist both in this form and in that given above under the influence of 
different reagents (Tautomerism. See Oyanic Acid). 

When vapour of ethyl aceto-acetate is passed through a red-hot tube, it yields 
dehydracetic acid, CgHgO^, which forms sparingly soluble, fusible crystals. It is 
unchanged by the strongest acids, but is decomposed by alkalies according to the 
equation C3H80<-f3H30 = C03-f CH3-CO-CH3 (acefowc) -f2(CH3- CO,, H). 

Phenyl acetate, C5H5*CjH302, maybe obtained by the action of acetyl chloride 
on phenol (again proving the presence of the HO group) ; C^Hj-OH-f C2H30'01= 
C3H5’0CjH30-t-HCl. It is a liquid of peculiar smeU, and boils at 193° 0. A 
piece of hard glass tube becomes invisible in phenyl acetate, its index of refrac- 
tion for light being the same as that of the liquid. 

429. Ethyl butyrate, or butyric ether, CjHj'COoCjH^, prepared by distilling butyric 
acid with alcohol and sulphuric acid, is sold as ananas oil, or essence of pineapple, 
which it resembles in odour. It is usually sold dissolved in alcohol, from which 
■water precipitates it. The mixture of butyric acid and its homologues, obtained 
by decomposing butter with superheated steam, is used for preparing it. 

Ethyl pelargonate, ovpelargonic ether, OgH,/ COjCjHj, prepared from essential oil 
of rue is used in flavouring under the name of quince oil, and appears to be present 
in the fruit. 

Ethyl caprnte, or capric ether, CgH,,,- COjCoH^ (b. p. 187° C.), was formerly called 
mnanthic ether, because it is found in old wine. It is made by distilling wine-lees 
and, when pure, is a colourless, fragrant, oily liquid. It is sold for flavouring. ' 
Amyl acetate, CHg'CO.jCgH,,, is sold as q^ear essence ; and is prepared by distilling 
fusel oil (p. 552) with acetic and sulphuric acids ; boils at 133° C. 

Amyl valerate, CjHg'COoCgH,,, or apple oil, is obtained by distilling fusel oil 
wdth sodium valerate and sulphuric acid ; its boiling point is" iS8° C. 

The ethyl salts of acids of the acetic series containing more than ten atoms of 
carbon are generaUy prepared by dissolving the acids in alcohol and passing 
hydrochloric acid gas into the solution ; probably this converts the alcohol into 
ethyl chloride, which acts upon the acid to form the ethyl salt ; this is deposited 
in crystals from the alcoholic solution. Ethyl palmitate and stearate are very 
fusible crystalline solids. ’’ 

430. Cetyl palmitate, CjjHj,- C 03 'C,gH 33 , constitutes the chief part of the crystal- 
line fat, spermaceti, occimring in the skull of the sperm whale ; it fuses at 49° C. 
It is saponified by alkalies with some difficulty, and yields cctul alcohol, or ethal 
C.gHg,- OH, and an alkali palmitate. . 

Ccryl ccrotate, C3gHj3‘C0./C3.Hjj, composes Chinese max, the produce of an insect 
of the cochineal tribe. 

Alclissyl palmitate, or myricin, C„H3,-CO,-C3gHg,, forms about one-third of Sees’. 
icax, the colour, odour, and tenacity of which appear to be due to the presence 
of a greasy substance called cerolein, which composes about 5 per cent, of the 
wax. 
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Melissyl mellissate, CO._,- is contained in hay, and may be extracted 

by boiling alcohol. 

431. Mhjl benzoate, or benzoic C„H,-CO„-C„H5, is prepared by dissolving' 
benzoic acid in alcohol, saturating with hydrochloric acid 'gas, distilling, and 
mixing the distillate with water, when ethyl benzoate separates as a fragrant 
liquid of sp. gr. 1.05, boiling at 211° 0. 

Benzyl benzoate, CO./ C,H„ is a fusible crystalline substance contained in 
balsam of Peru. 

Benzyl cinnamate, CgH/C6._.‘C,H„ is present in the balsams of Pern and Tolu ; 
it was tormerly called ’cinnamein. 

31 ethyl salicylate, CgH^OH • C0„' CH3, occurs in oil of winter-green, extracted from 
the flowers of Gaultheria procumbens, and was one of the first vegetable products 
prepared artificially. It is obtained by distilling methyl alcohol. with sulphuric 
acid and salicylic acid. It is a fragrant liquid of sp. gr. 1.2, and boiling point 
224° 0. Ferric chloride colours it violet. On treating it with strong solution of 
soda, in the cold, it yields crystals of 0j.H.,0Na-C02-CH3.. When this is heated 
with methyl iodide in a sealed tube, it gives C3H.,OOH3- C0„‘ CH^, or methyl-methjl- 
salicylate, an oily liquid. If this be saponified by potash, it yields the potassium 
salt of methyl-salicylic acid, C^HjOGHj'COoH, a crystalline acid isomeric with 
methyl salicylate, but not giving the violet colour with ferric chloride. The 
ethyl salicylate resembles the methyl compound. 

Phenyl salicylate, C^H^OH ‘ CO.3C5H5, is prepared by the action of POOI, on a 
mixture of salicylic acid and phenol, 2C,.H40H’C00H + 2C3H3OH + P6OI3 = 
aCjHjOH’COjCgHj + HPO3 +3HCI ; it crystallises in tables, melts at 43° 0., and 
is used as an anti-pyretic under the name of salol. 

432. Ethyl oxalate, or oxalic ether, (COj-C^Hj),, is prepared by distilling alcohol, 
with oxalic acid. Equal weights of dried oxalic acid and absolute alcohol are 
boiled for six hours in a retort with a reversed condenser. .The product is mixed 
with water, which separates the oxalic ether as a fragrant liquid of sp. gr. 1.09, 
boiling at 186° C. It is decomposed, by boiling with water, into alcohol and 
oxalic acid. Potash easily decomposes it, and if it be mixed with only half the 
quantity of potash required for complete decomposition, it yields pearly scales of 
potassium oxalethylate ; (COvCjHj)., -f KOH = (CO^KC^Hj aH^-OH. By de- 
composing this with hydrofluosilicic acid, oxaleihyhc or oxalovinic acid, 
(COjloGjHs'H, is obtained, but it is easily decomposed by water. 

By'ithe action of sodium on an ethereal solution of ethyl oxalate and ethyl^ 
acetate^ the sodium derivative of ethyl oxalacetateis obtained ; this has the formula 
GOoG^Hj’GO'CHo’GO.jGoH,, and, when heated with dilute sulphuric acid, yields 
pyruvic acid, GHj'GO’COoH, which is convertible into lactic acid by nascent 
hydrogen. 

Ethyl malonate, or malonic ether, CH2(CO„'G„H5)2, is prepared by passing HGl gas 
into absolute alcohol containing calcium malonate in suspension — 

GH^lGOjljOa 2(G„H30H) -t- 2HGI = GHoCGO^-GoHj)^ -1- GaGl„ -f 2HOH. 

After some hours’ standing, the liquid is boiled on a steam-bath, again saturated 
with HGl gas, the alcohol distilled off, the liquid neutralised with sodium car- 
bonate, and mixed with water, when the malonic ether separates as a bitter 
aromatic liquid of sp. gr. 1068, and boiling point 195° G. It resembles ethyl 
acetate in allowing its hydrogen to be displaced by sodium, and by alkyl radicle's, 
and is a useful reagent for the synthesis of the fatty acids ; for when these alkyl 
substituted malonic acids are heated, they lose GOj and yield the corresponding 
alkyl substituted fatty acids. 

Cinnamyl cinnamate, or styracin, GgHj’COo’GgHg, is a crystalline ethereal salt 
obtained from storax by treatment with soda. 

The ethereal salts of an alcohol radicle may be converted into those of another . 
alcohol radicle by mixing them with the alcohol in question, and adding a small 
quantity of a metallic alkyloxide, the action of which has not been fully explained. 
Thus, methyl oxalate dissolved in ethyl alcohol, and mixed, in the cold, wdth a 
small quantity of sodium ethoxide, G^Hj’ONa, becomes in great measure converted 
into ethyl oxalate, and, conversely, ethyl oxalate is transforrned into methyl 
oxalate by dissolving it in methyl alcohol, and adding a minute quantity of 
sodium methoxide. 

433. Ethereal salts derived from glycol. — These are very numerous, because either 
one or both of the OH groups in CjH4(0H)„ may be replaced, and two different 
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radicles may be introduced. None of them, however, as yet possesses any prac- 
tical importance. 

434. Ethereal salts derived from glycerol . — These compounds, often termed glycer- 
ides, are even more numerous than those derived from glycol, since the three OH 
groups in C3H5(OH)3 may each he replaced by a different radicle. The glycerides 
are of great practical interest, because they include most of the animal and vege- 
table fats. They are sometimes termed the salts of propenyl (C3H3). 

Sulphoglyceric acid, C3H5(OH)2SO^H, is formed with considerable evolution of 
heat, when glycerol is dissolved in strong sulphuric ac^. The acid may be 
obtained as in the case of sulphethylic acid. It is only known in solution, being 
easily decomposed even by evaporation in vacuo. It is important as being pro- 
duced in the process of saponification by sulphuric acid, in which the natural fats 
or glycerides are decomposed by that acid, leaving the fatty acid in the free state. 

435. Nitroglycerine, or glyceryl trinitrate, C3H3(N03)3, has been already noticed 
(p.559). It is a heavy oily liquid, of sp. gr. 1.6, without smell, very explosive, and 
poisonous. It is insoluble in water, sparingly soluble in alcohol, but soluble in 
ether and in methyl alcohol. When saponified by potash, it yields glycerol and 
potassium nitrate.' Its formation is explained in the following equation — 

C3H3(0H)3 -h 3(HN03) = C3H3(N03)3 + 3H3O. 

Glycerine. Nitrogljcenne. 

On a large scale, a mixture of concentrated nitric acid (sp. gr. 1.47 to 1.49) 
with twice its weight of concentrated sulphuric acid is employed. The mixture 
' is placed in stone jars containing about 7 lbs. each, which are immersed in 
running water, and about i lb. of glycerine (sp. gr. 1.25) is gradually added, with 
frequent stirring, to the contents of each jar, care being taken that the tempera- 
ture does not rise above 80° F. (27° C.). The mixture is allowed to settle for a 
quarter of an hour, and poured gradually into 5 or 6 gallons of water. The oily 
nitroglycerine which falls to the bottom is well washed by stirring with water, a 
little alkali being added in the last washings. One per cent, of magnesia i.s 
sometimes added to the nitroglycerine in order to neutralise any acid arising from 
decomposition. 

This oil is very violent in its explosive effects. If a drop of nitroglycerine be 
placed on an anvil and struck sharply, it explodes with a very loud report, even 
though not free from water, and if a piece of paper moistened with a drop of it 
be struck, it is blown into small fragments. On the application of a flame or of 
•a red-hot iron to nitroglycerine, it burns quietly ; and when heated over a lamp 
in the open air it explodes but feebly. In a closed vessel, however, it explodes 
at about 360° F. (182° C.) with great violence. For blasting rocks, the nitro- 
glycerine is poured into a hole in the rock, tamped by filling the hole with water, 
and exploded by the concussion caused by a detonating fuze (see below). It has 
been stated to produce the same effect in blasting as ten times its weight of 
gunpowder, and much damage has occurred from the accidental explosion of 
nitroglycerine in course of transport. When nitroglycerine is kept, especially if it 
be not thoroughly washed, it decomposes, with evolution of nitrous fumes and 
formation of crystals of oxalic acid ; and it may be readily imagined that, should 
the accumulation of gaseous products of decomposition burst one of the bottles 
in a case of nitroglycerine, the concussion would explode the whole quantity. 

Nitroglycerine, like gun-cotton, is particularly well fitted for blasting, because 
it will explode with equal violence whether moisture be present or not, but it has 
the advantage of containing enough oxygen to convert all its carbon into carbonic 
acid gas. On the other hand, it is very poisonous, and is said to affect the system 
seriously by absorption through the skin, and the gases resulting from its explosion 
are exceedingly acrid. Again, its fluidity prevents its use in any but 'downward 
bore-holes. To overcome these objections, and to diminish the danger of trans- 
port, several blasting compounds have been proposed, of which nitroglycerine is 
the basis. 

Dynamite is composed of a particularly porous siliceous earth {Kiesclguhr), 
obtained from Oberlohe in Hanover, impregnated with about 70 or 75 per cent, 
of nitroglycerine. 

Kicselguhr contains 63 per cent, of soluble silica, about 18 of organic matter, 
1 1 of sand and chav, and 8 of water. It is incinerated to expel the organic matter, 
and mixed^ with the nitroglycerine in wooden troughs lined with lead. When 
used in solid rock, dynamite is six or seven times as strong as blasting-powder. 


626 


NITROaLYCERINE. 


JVolel’s detonators for nitroglycerine contain 7 parts of mercuric fulminate and 
3 parts of potassium chlorate, pressed into small copper tubes. 

Fatal accidents have occurred in using dynamite, in consequence of exudation 
of nitroglycerine from the dynamite, caused by contact with water in the bore- 
holes, this nitroglycerine having been afterwards exploded by the drill in boring 
fresh holes. 

Qlyoxylin is a name given to gun-cotton pulp and saltpetre mixed with nitro- 
glycerine. Lithofracteur is a more complex mixture containing about half its 
weight of nitroglycerine, together with nitrate of soda, sulphur, powdered coal, 
sawdust, and siliceous earth. Dualin is composed of nitroglycerine and sawdust. 
Nitromagnitc contains nitroglycerine and magnesia. 

Blasting Gelatine is made by dissolving collodion-cotton in about nine times its 
weight of nitroglycerine ; its detonation is even more powerful than that of nitro- 
glycerine itself. The readiness with which it may be exploded by a detonating 
fuse charged with mercuric fulminate is greatly increased by incorporating it 
with about one-tenth of its weight of gun-cotton. On the other hand, its liability 
to accidental detonation may be reduced by intimately mixing it with a small 
proportion of camphor, the action of which does not appear to he understood. 
Gelatine-dynamite consists of 65 per cent: of thinly gelatinised nitroglycerine, 8.4 
per cent, of woodmeal, 26.25 potassium nitrate, and 0.35 per cent, of soda. It 
is slow in detonation and is an excellent blasting-agent. 

Cordite is made by incorporating 58 parts of nitroglycerine with 37 parts of 
gun-cotton and 19.2 parts of acetone ; 5 parts of vaseline are added and after 
this has been mixed the compound is forced through dies, so that it assumes the 
form of cords, from which the acetone is allowed to evaporate. 

Nitroglycerine is readily soluble in ether and in wood-naphtha, but somewhat 
less so in alcohol ; it is re-precipitated by water from these last solutions. It 
becomes solid at 40° F. (4.5° C.), a circumstance which is unfavourable to its use 
in mining operations, partly because it is then less susceptible of explosion by 
the detonating fuse, and partly because serious accidents have resulted from 
attempts to thaw the frozen nitroglycerine by heat, or to break it up with tools. 
It is remarkable that, when made on the small scale, the nitroglycerine may gene- 
rally be cooled down to 0° F. ( - 18° 0 .) without becoming hard. This and other 
observations render it probable that some other substitution product is occasion- 
ally mixed with it. 

Nitroglycerine, CaH5(NOg)3, stands in the same relation to the tri-hydric alcohol_ 
glycerine, CjHj^OH),, in which nitric ether, C„H5(NOs), stands to ordinary mon-" 
atomic alcohol, OgHjiOH). Berthelot finds that, in the formation of nitric ether 
by the action of nitric acid upon alcohol, 5800 heat units are disengaged for each 
molecule of nitric acid entering into the reaction, whereas, in the formation of 
nitroglycerine, only 4300 heat units per molecule of nitric acid are disengaged. 
Less energy having Ijeen converted into heat in the latter case, more is stored 
up in the nitroglycerine, and hence its formidable effect as an explosive. In the 
formation of gun-cotton, each molecule of nitric acid disengaged 1 1000 heat units, 
to which Berthelot attributes the stability and inferior explosive effect of gun- 
cotton in comparison with nitroglycerine. 

Nitroglycerine is decomposed % alkaline sulphides with rise of temperature and 
separation of sulphur, being reconverted into glycerine; C3H5(N03)3-f 3KHS= 
03115(011)3 -f3KN0„ 4-83. This reaction is analogous to that of alkaline sulphides 
on gun-cotton (q.v.). 

Glyceryl mononitrate, 03H5(0H)„NOj, is produced by the action of dilute nitric 
acid on glycerol ; it is also liquid, but soluble in water, and not explosive. 

Glyceryl-jpliosjilioric or phosjiliogly ceric acid, 03H5(0H)3P04H„, is formed by the 
action of metaphosphoric acid on glycerol, but has only been obtained in solution. 
It is a product of decomposition of lecithin, a fatty substance containing phos- 
phorus, which occurs in the brain and other parts of the body, and in fish and 
the yolk of eggs. 

Glyceryl nrsenite, OjHj'AsOj.is obtained by dissolving white arsenic in glycerol, 
and evaporating ; -403115(011)3 -I- As^03=4C3H5As03-t-6H0H. It forms a yellowish 
glass, fusing at 50° C. It is sometimes used for fixing aniline dyes, 

‘ Glyceryl borate, or boroglyceride, CjH^BOg, is prepared from boric acid and 
glycerol ; it is also a transparent glass, dissolving slowly in water, and has been 
recommended for the preservation of food. 

436. Glycerol forms numerous ethereal salts with the fatty acids. 
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Monoformin, C3Hj(OH)j-CO„H, and diformin, C3H5(OH)(CO„H)„, are produced 
when oxalic acid is heated with glycerol in making formic acid— 

03 H 3 ( 0 H )3 + (CO„H).. = C 3 H 3 ( 0 H)„-C 03 H + CO.. + H„ 0 . 

Tri-acetin, 03113(0.311303)3, is present in cod-liver oil, and may be obtained by 
acting on glycerol with acetic acid. 

Tribiayrin, 03H3(C4H.0„)3, occurs in butter. 

Tripalmiiin or palmitin, 03115(0, jHaiOj),, is obtained from palm-oil or from 
Chinese wax, by pressing and crystallising from alcohol. It fuses at 46° G. 

Tristearin or stearin, 03115(0,3113,02)3, is prepared by repeatedly recrystallising 
the harder natural fats, such as tallow, from their solution in ether. It fuses at 
63° 0. 

Tri-olein, or olein, 03115(0, sH330;)3, is obtained by cooling olive-oil to 0° 0 ., press- 
ing out the liquid part, dissolving this in a little alcohol, again freezing, to 
separate the rest of the stearin, and distilling off the alcohol. Olein is less easily 
decomposed by alkalies than are palmitin and stearin, and is left unaltered when 
olive-oil is treated with a cold concentrated solution of NaOH, which converts 
the palmitin and stearin into soaps and glycerol. 

The three glycerides, palmitin, stearin, and olein, are found in most animal 
and vegetable fats. Olive-oil and Chinese wax consist almost entirely of palmitin 
and olein. Palm-oil contains all three. Mtitton suet is chiefly stearin, with a 
little palmitin and olein. Heef suet contains more palmitin ; these constitute 
tallow. Lard has a similar composition. Human fat contains more palmitin. 
Goose fat and hutter contain, besides the above glycerides, those of volatile acids, 
'such as butyric, capric, caprylic, and caproic. Coco-nut oil contains trilaurin, 

Palmitin, stearin, and olein, may be made artificially by heating glycerol with 
the corresponding acids ; for example — 

C3H5(0H)3 + 3HC,3H3502 = C3H5(C,3H350.3)3 -f 3HOH. 

Glycerol. sitearic acid. Stearin. 


SuLPHONic Acids. 

436a. The ethereal salts of sulphurous acid are metameric with the 
compounds known as the sulphonic acids ; thus, both eth^l Thydrog&n 
sulphite and ethyl sxilphonic acid, have the empirical formula CgHgSOj. 
The sulphonic acids, however, differ from the sulphites in that when 
treated tvith reducing agents they yield the corresponding thio-alcohols : 
thus, ethyl sulphonic acid C3H.SO3H yields mercaptan (ethyl thio 
alcohol) CjHjSH. This reaction indicates that the sulphur in ethyl 
sulphonic acid is combined directly to the carbon of the ethyl group, 
for there can be no doubt but that the S in mercaptan is so combined. 
The constitution of ethyl sulphonic acid, is therefore probably 

0, whilst that of ethyl hydrogen sulpliite is 

When sodium sulphite is heated with ethyl iodide, sodium ethyl sulphonate 
and sodium iodide are produced; Na2S03-f-C„H5l = 0„H5'S0..0Na-fNaI. If sodium 
sulphite were a salt of S0(0H)2, viz., SO(ONa)„, this' reaction would be expected 
to produce ethyl sodium sulphite S0(0Na)(0C„H5).* Since this is not the case 
Na2S03 must have the constitution S02(0Na)Na ; this constitutes the evidence 
referred to on p. 219. 

The sulphonic acids bear the same relationship to sulphuric acid, as the 
carboxylic acids bear to carbonic acid, that is, they contain an alcohol 
radicle or a hydrocarbon radicle in place of one of the OH groups. They 
are monobasic acids since they still retain one OH group. By partial 

* SO(OOoH 5)2, is prepared by the action of SOoClo on alcohol. When 

heated with one equivalent of NaOH it yields ethyl sodium sulphite ; when this is 
treated with an acid with a view to removing the Na, it is decomposed so that ethvl 
hydrogen sulphite has not been prepared. 
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reduction they generally yield sulpldnic adds, which bear the same 
relationship to the SO(OH)j form of sulphurous acid as the sulphonic 
acids bear to sulphuric acid. 

The sulphonic acids of open-chain radicles are of little importance. 

Ethylene combines directly with SO3 to produce the crystalline compound 
carbyl sulphate, CoH^SoOg, which is the anhydride of ethionic acid, into which it 
passes when' dissolved in cold water. Ethionic add is a mixed ethereal salt and 
sulphonic acid derived from glycol, CH„(0S03H)‘CH2(S03H). When boiled with 
. water the ethereal salt portion undergoes hydrolysis, sulphuric acid and isethionic 
acid or hydroxy-ethyl sidphonic acid, CH„(0H)‘CH„{S03H), being produced. 

It is characteristic of closed-chain compounds (at all events such as 
contain a benzene nucleus) that they readily yield sulphonic acids when 
heated with strong sulphuric acid (p. 533). These are very useful for 
preparing other compounds, e.g., phenols (q.v.), and, on account of their 
solubility, for use as dye-stuffs. They yield chloranhydrides (p. 187) 
when treated with PCI3. 

When benzene is warmed with HoSO^ cone., benzene sulphonic acid CgHj-SO.OH 
is produced ; if fuming acid be employed the three (chiefly i : 3) benzene di- 
sulphonic acids, C3H.,(S020H}„, are produced. Naphthalene may be similarly 
sulphonated to produce isomeric ‘naphthalene mono- and di-sulphonic acids. 
Sulphonic acids of most benzene hydrocarbon derivatives are easily obtainable ; 
some of these will receive passing mention later. 

Nitro-compounds. " 

4366. The ethereal salts of nitrous acid are metameric with the 
nitro-substituted hydrocarbons ; thus, ethyl nitrite, CgHgO-N.’O, is 
metameric with nitro- ethane, CgHg'NOg. The difference in constitution 
represented by these two formulm is justified as follows : (i) When 
an ethereal nitrite is treated with an alkali, it is readily convei’ted 
into an alcohol and an alkali nitrite : this shows that the compound 
is a true ethereal salt of nitrous acid, the formula for which, as already 
shown (p. 156), is probably HO ’NrO. (2) When a nitro-hydrocarbon 
is treated with a reducing agent, it yields an amine {e.g., a 

compound which, since it contains only 0 , H and N, must contain the 
H attached directly to carbon. On the other hand, when an ethereal 
nitrite is treated with a reducing agent it yields the corresponding 
alcohol and ammonia ; since the alcohols contain O attached directly to 
carbon, the ethereal nitrite probably also contains O attached directly 
to carbon, in which case the H is probably not attached directly to car- 
bon, a conclusion confirmed by the ease with which the 0 and N are 
parted in these compounds by saponification. The niti’o-compounds 
may be regarded as derived from nitric acid in the same way that the 
sulphonic acids are derived from sulphuric acid. 

The niiro-paraffins are produced by the inter-action of silver nitrite 
and alkyl iodides, e.g., C^HjI-b AgH02 = 02H5'lSr0„-J- Agl.^' The nih'o- 
hgdrocarbons of tlie benzene series, however, result from the direct 
action of nitric acid on the hydrocarbons (p. 533). 

The nitro-parafSns can be primary, secondary, or tertiary like all other open- 
chain hydrocarbon substitution products. The three forms have the same 

* This reaction would seem to show that silver nitrite is derived from a form of 
nitrous acid in which H was attached directly to N, thus, H'NOj. It may be that 
nitrites exist in two forms, as has been argued for sulphites (p. 319). It is necessary to 
add, however, that in most cases much ethereal nitrite is produceu, together with the 
nitro-parafiin, by this method. 
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stractnre as the three forms of alcohols, NO- being substituted for OH (p. 550). 
The distinctive behaviour of the three kinds with nitrous acid has been given at 
p. 551. The primary and secondary nitro-parafSns contain hydrogen attached to 
the same carbon atom as that to which the NO. is attached ; the close proximity 
of the NO„ to the H imparts an acid character to the latter, so that this is 
replaceable* by metals, such compounds as CHj'CHNa'NO. and (OH3)a:CNa’N02 
being produced by the action of alcoholic soda on the nitro-parafiSn, The nitro- 
aromatio compounds are, of course, of a tertiary character. 

Miro-nwJ/iane boils at 99-101° G. ; hydrolysis (by strong HOI at 150° C.) con- 
verts it into formic acid and hydroxylamine, jViiro-fit/ia/ic boils at 113° 0.; it 
gives a blood-red colour with ferric chloride, and burns with a luminous flame. 
Both are heavier than water. 

Trichloronitrometliane or cliloropicrin or nitro-chloroform, COljNOj, is a pro- 
duct of the joint action of nitric acid and chlorine on many hydrocarbon 
derivatives. It is best obtained by heating picric acid (g'.u.) with chloride of 
lime, when it distils over as a heavy liquid, boiling at 112° C. and possessed of a 
tear-exciting odour. 

Nitrohenzene, QjHj’NO.^, has already been noticed (p. 525)- I** is prepared on 

the large scale by slowly running a mixture of 12S0 lbs. of strong HNOg and 
1790 lbs. of strong H^SO^ into 1000 lbs. of benzene contained in a cast-iron 
cylinder well cooled by water, and provided with an agitator ; after some 8 or 
10 hours the process is complete and the product is washed with water. If the 
temperature be allowed to rise above 50° C. during the preparation of nitro- 
benzene, the three dinitrohanzcnes are produced. Since they may be regarded 
as being formed from the further nitration of nitrobenzene, it is only in accord- 
ance with the general rule (p. 532) that i : 3-dinitrobenzene should be the chief 
product ; this crystallises in pale yellow needles and melts at 90° C. The i : 2- 
and 1 : 4-dinitrobenzenes are colourless and melt at 118° and 173° C. respectively. 
The three can be separated by fractional crystallisation frorn alcohol. They 
yield the corresponding nitr anilines, 0gH4(NHj)(N02), and diamidohenzenes or 
phenylenediamines, 05H4(NH2). when reduced. The i : 2-derivative differs from 
the others in the comparative ease with which one nitro- group can be replaced 
by other radicles {e.g., by OH, forming i: 2-nitrophenol, CgH,(OH)(NO._,), when 
heated with hot alkalies). 

By nitrating toluene i : 2- and i : 4-nitrotolnene C5H4(0H3)(N02) are mainly pro- 
duced ; the former is a liquid boiling at 223° C„ the latter a solid melting at 
54° C. and boiling at 237° G. i : ynitroioluene has m. p. 16° C., and b. p. 230° G. 

a-Nitronaphthalene, GmHjNO., is produced by boiling naphthalene in glacial 
acetic acid with strong nitric acid ; it crystallises in yellow prisms, melts at 
61° G. and boUs at 304° G. It is used for making dyes and for destroying the 
fluorescence of paratfin oils when these are used to adulterate vegetable oils. ■ It 
is soluble in alcohol but not in water. 

Other nitro-derivatives will be considered under the classes of bodies from 
which they are derived. 

VIII. ORGANO-MINBRAL COMPOUNDS. 

437. OaG^o-MiNEUAii COMPOUNDS, formed upon the type of the chlorides 
of mineral elements by the substitution of organic radicles for the chlorine. 
,■ — The preparation of most of the compounds of this class requires the 
aid of zinc ethide, Zn(02Hj),, which will therefore be described first. It 
is obtained by the action of metallic zinc upon ethyl iodide — 

Zn. + 2G.H3I ZnCGaHj). + ZnIg. 

Eight hundred grains (or 50 grms.) of bright, freshly granulated, and thoroughly 
dried zinc are placed in a half-pint flask (E, Eig. 276), which is connected with the 
carbonic acid apparatus (A), from which the gas is passed through strong sulphuric 
acid in the bottles (B and 0 ), where it is thoroughly dried. A second perforation 
in the cork of the flask (E) allows the passage of the tube/, which passes through 
the two corks in the wide tube F, and dips into a little mercury in D. A stream 
of cold water is kept running through the wide tube (F), being conveyed by the 
caoutchouc tubes (t t). When the whole apparatus has been filled with carbonic 
acid gas, the cork of the flask (E) is removed, and 400 grains (or 25 grms.) of ethyl 
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iodide (perfectly free from moisture) are introduced, the cork being then replaced,* 
The carbonic acid gas is again passed for a short time, and then cut ofE by closing 
the nipper-tap (T) upon a caoutchouc connector, when the gas escapes* through 
the tube (G), which dips into mercury. A gentle heat is then applied by a water- 
bath to the flask (E) till the ethyl iodide boils briskly, the vapour being condensed 
in the tube [f), and running back into the flask. In about five hours the conversion 




Fig. 277. — Collection of zinc ethyl. 

with the short test-tube (O) ; the longer limb of a very narrow siphon (I) of stout 
tube passes through a second perforation in the cork (K), the shorter limb pass- 
ing into the very short test-tube (P), the cork of which is also furnished with the 
short piece of moderately wide tube (L). For receiving and preserving the zinc 
ethyl, a number of small tubes are prepared of the form shown in Fig. 278. The 
long narrow neck (E) of one of these is passed down the short tube (L) to the 
bottom of P, the other end (N) of the tube being connected with an apparatus 
for passing dry carbonic acid gas. The whole of the apparatus being filled with 
this gas, the nipper-tap is closed, and the flask (E) heated on a sand-bath, so 
that the zinc ethyl may distil over, a slow stream of carbonic acid gas being 
constantly passed into P, the excess escaping through L. When enough zinc 
ethyl has collected in the tube (O), a blowpipe flame is applied to the narrow 
tube (N), which is drawn off and sealed ; the siphon tube (I) is then gradually 
pushed down, so that its longer limb may be sufficiently immersed in the zinc 

* The process is said to be much accelerated if about •-''jth of zinc ethyl is dissolved in 
the ethyl iodide. 
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ethvl, and the nipper-tap (T, Fig. 276) is opened, when the pressure of the 
carbonic acid gas forces over a pare of the zinc ethyl into the tube (P). Bj; heat- 
ing the tube (M) with a spirit-lamp, so as to expel part of the gas, allowing it 
to cool, it will become partly filled with zinc ethyl, and may be withdrawn and 
quickly sealed by the blow-pipe. The spontaneous inflammability of the_ zinc 
ethyl, and its easy decomposition by water, render great care necessary in. its 
preparation. If an alloy of zinc with one-fourth its weight of sodium be employed, 
the conversion may be effected in an hour. 

The reaction in the preparation of zinc ethide really takes place in two stages ; 
when the ethyl iodide ceases to distil, the flask contains shic iodo-ethide, ZnlC^Hj, 
as a crystalline solid, which is decomposed by a higher temperature into zinc 
ethide and zinc iodide ; 2ZnIC;H,=Zn(C;Hj)2-t ZnL. The action takes place more 
quickly if the zinc be polarised by copper iri the copper-zinc couple. To effect 
this, cupric oxide is reduced by heating it in a tube in a current of hydrogen or 
coal-gas, and to grammes of it are mixed with 90 grammes of zinc-filings in a 
300 cubic centimetre flask, which is then heated over a Bunsen burner, with con- 
tinual shaking, until it forms grey granular masses. After cooling, 87 grammes 
of ethyl iodide are added, and the mixture heated to about 90“ C. with the 
reversed condenser, till no more liquid distils back, which requires about 15 
minutes ; the rest of the operation is conducted as described above, using a 
sand-bath or an oil-bath. 

Properties of zioic ethide .- — 

It is a colourless liquid of 
peculiar odour, sp. gr. 1.18, 
and boiling point 118° 0 . In 
contact with air, it inflames 
spontaneously, burning with a bright greenish-blue flame, emitting a 
white smoke of ZnO. If a piece of porcelain be depressed upon the 
flame, a deposit of metallic zinc is formed, surrounded by a ring of oxide, 
' yellow while hot and white on cooling. When zinc ethide is dissolved in 
ether and acted on by oxygen, it yields zinc ethoxide, Zn(0CgH5)j, 
corresponding with zinc hydroxide, Zn(OH)j, as a white powder. Water 
decomposes it readily, with evolution of ethane or ethyl hydride in the 
state of gas; Zn( 0 jHj),-}-H ,0 = Zn 0 -f' 2(CjH5’H). When ammonia 
is passed into the solution of zinc ethide in ether, ethyl hydride is 
evolved, and a white precipitate of zinc amide is deposited — 

Zn(C„H,)„ -t- 2NH3 = 2(02HyH) -f Zn(NH„),. 

Zinc ethide and ethyl iodide, dissolved in ether and heated to 170° G., 
yield butane, or di-ethyl ; Zn(0,Il5), + zCfIf. = Znig + Heated 

with sulphur, zinc ethide is converted into zinc mercuptide, Zn(SC,H.),, 
the analogue of zinc ethoxide and zinc hydroxide. Zinc ethide is much 
used in organic research, especially for effecting the substitution of C„H. 
for Cl, Br, I, or OH. 

When zinc ethide is dissolved in ether, and heated with sodium in a sealed 
tube, one-third of the zinc is displaced by sodium, forming a crystalline com- 
pound of zinc ethide with sodium ethide — 

3Zn(C„H,)„ Na, = zlZnCaH^l^-NaCoH^) -i- Zn. 

If this be exposed, in a tube, to a current of dry carbon dioxide, zinc ethide 
distUs off, and sodium propionate remains in the tube ; NaC^Hj + 00 , = CjH^- CO„Na. 

438. Zi-nc metldde, or zinc methyl, Zn(CH3)„, is prepared irom methyl’ iodide by 
a process similar to that for zinc ethide, which it resembles, but is far more 
volatile, boiling at 46° 0., and has a more powerful odour, producing irritation. 
It is more energetic in its reactions than zinc ethide, and is decomposed, with 
inflammation and explosion, by water, yielding methyl hydride gas, or methane ; 
Zn(GH3)„-i-H„0=Zn0-i-2(CH3'H). In its other properties it resembles zinc 
ethide. 

Jioron metldde, is formed fay the action of a strong ethereal solution of 



Fig. 278. 
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Zn(CH3)2 upon ethyl borate; 2{C2H5)3B03+3Zn(CH3)„=2B(CH3)3 + 3Zn{0-CjjH5)j. 
It is a gas with an intolerably pungent, tear-exciting odour, liquefied by three 
atmospheres pressure. When issuing very slowly into the air, it undergoes par- 
tial oxidation, with phosphorescence, but when it comes rapidly into contact with 
air, it burns with a green flame, remarkable for the immense quantity of large 
flakes of carbon which it emits. 

Silicon methide, Si(CH3)4, produced by the action of SiCl^ upon zinc methide, is 
a liquid lighter than water, burning in air, and producing a white smoke of 
silica. It is not decomposed by water, and boils at 30° 0. Silicon ethide, or 
Si(C2H3)^, obtained by a similar process, resembles the methyl compound, but 
boils at 153° 0. In its chemical relations it resembles the paraffin hydrocarbons, 
and is sometimes cafled silico-nonane, the ninth member of the, paraffin series, 
CgHjj, in which silicon replaces an atom of carbon. When acted on by chlorine, 
it yields SiCgHjgCl ; when this is heated with potassium acetate, in alcoholic 
solution, it yields the acetate SiCgHig* C.^HjO,, and by heating this with alcoholic 
solution of potash, it is converted into sUico'nonyl alcohol, SiCgH,g' OH, boiling at 
190“. 

By acting upon ethyl orthosilicate, Si(OC2H5)j, with zinc ethide and sodium, 
metallic zinc is separated, and the resulting sodium ethide. effects the replace- 
ment of the ethoxyl group, OC2HS, by ethyl. In this way there are produced 
silicon triethyl etlwxide, Si(C2H5)3‘OC„H3, silicon diethyl-diethoxide, Si(C2H5)2(OC2H3)2, 
and silicon ethyl-triethoxide, SiC2H5(OC2H3)3. When this is heated with acetyl 
chloride, it yields silicon ethyl trichloride, Si which is converted by water 

into silico-propionic acid, C„H5‘SiO‘OH, according to the equation — 

SiC2H3Ci; -1- 2H2O = C2H5-SiO-OH -b 3HCI. 

It is a solid body, having weak acid properties. Silico-acelic acid, CHj' Si0‘ OH, is 
a similar body derived from zinc methide and ethyl silicate. 

439. Boron ethide, or trihorethyl, B(C2Hs)3, may be prepared like the corre- 
sponding methyl compound ; or by passing vapour of boron chloride into zinc 
ethide; 2BCl3-}-3Zn(02Hs)2=2B(C2H5)3-f-3ZnCl2. It is a colourless liquid^ of 
irritating odour, and insoluble in water. Its sp". gr. is 0.69, and it boils at 95° C. 
It inflames spontaneously in air, burning with a green flame, and explodes in 
contact with pure oxygen. Water slowly converts it into B(C2H3)20H, another 
spontaneously inflammable liquid. 

By gradual oxidation in air, borethyl is converted into B'C2H3'(OC2Hj)2, in 
which two ethoxyl groups, OC2H5, ate substituted for two ethyl groups. This is 
a liquid which may be distilled in vacuo, and is decomposed by water, yielding 
alcohol and ethyl-horic acid, B’C2H5{0H)2, which is a volatile crystalline body, 
subliming in scales like boric acid, and having a very sweet taste and a pleasant 
smell ; it is very soluble in water, alcohol, and ether. 

440. Tri-ethyl phosphine, P(02H5)3, may be prepared by very gradually 
dropping PCI., into a solution of zinc ethide in ether, in a retort 
connected with a receiver filled with COg ; a very violent action takes 
place, according to the equation — 

2PCI3 -b 3Zn(C2H3)2 = 3ZnCl2 -b 2P{C2H3)3. 

The condensed liquid forms two layers, the upper containing the excess 
of PCI3 and ether, the lower being a compound of zinc chloride with 
tri-ethyl phosphine, which may be separated by careful distillation 
with potash in a retort filled with H. It is also obtained by heating 
phosphonium iodide with alcohol, in a sealed tube, to 180° 0. ; PH^I -b 
302Hg0H = P(CgH5)3* HI -b 3HOH ; the hydriodide is distilled with 
potash. Tri-ethyl pliosphine is a liquid having a strong odour, of 
■sp. gr. 0.81, and boiling at 127“ 0 . It absorbs O, and becomes hot 
when exposed to air, and its vapour explodes with O below 100°. It 
forms salts with the acids. Tri-ethyl phosphine, in its chemical characters, 
resembles the corresponding methyl compound. Its oxide, P(C2HJ30, 
is a very stable crystalline substance, which may be obtained by distil- 
ling tetrethyl phosphonium, iodide with potash, ethyl hydride being pro- 
duced at the same time ; P( 0 ,Hg),I -b KOH = P(0gH,)30 -b KI -b 0 „H,-H. 


I 
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The .tetretliyl-phosphonium iodide may he obtained by heating ethyl 
iodide with phosphorus in a sealed tube ; 40,05! + P, = i’(C'205)4l + Pis- 
By decomposing the aqueous solution of ^(OoHs)^! with silver oxide, the 
iodine is replaced by OH, producing tetretliyl phasphonium hydroxide, 
P(0,H5)^0H, a strongly alkaline substance, which may be crystallised. 
Tri-ethyl phosphine combines violently with methyl iodide, forming 
P(02H5)30H3* I, which yields an alkaline hydroxide when decomposed 
with water and silver oxide. 

Ethyl phosphine, P(C,H5)H,, and di-ethyl phosphine, P(02H5)jII, are 
prepared by heating PH^I with OgH^I and ZnO, in a sealed tube for 
some hours ; crystalline compounds of zinc iodide with the hydriodides 
of ethyl phosphine and di-ethyl phosphine are first formed ; 

2PH,I + aO^H^I + ZnO = H„0 + Znl„ + 2(P(C„H5)H„.HI), 

and 

PH, I + anj + ZnO = H,0 + Znl„ + P(CjH5),,H.HI. 

These are decomposed by distillation with water out of contact with 
air, when the phosphines distil over. Ethyl phosphine is liquid, boiling 
at 25” C. It has an intolerable odour, is insoluble in water, and pos- 
sesses weak basic properties. Di-ethyl phosphine is also liquid, but 
boils at 85° C., and is more strongly basic. Both compounds, being 
composed upon the POI3 model, are disposed to unite with other bodies 
to form compounds upon the POI5 model. When oxidised by nitric 
acid, they yield, respectively, ethyl phosphinic acid, PO(OjH5)(OH)j, and 
di-ethyl phosphinio acid, P0(03H5).pH, composed upon the model 
of orthophosphoric acid, PO(OH)3, by the substitution of ethyl for 
hydroxyl. 

• Tri-ethyl phosphine combines with sulphur, evolving heat, and forming 
which crystallises in needles from solution in hot water. Tri-ethyl 
phosphine also combines energetically with carbon disulphide, forming a fine red 
crystalline compound soluble in alcohol. The presence of a trace of CS_. in coal 
gas is at once indicated by the red colour with tri-ethyl phosphine. When the 
red compound is boiled with water, it yields the oxide and sulphide oE tri-ethyl 
phosphine, carbon disulphide, and methyl tri-ethyl phosphonium hydroxide — 
4P(02H5)3CS, + 2H,0 = P(C.,H5)30 -t- 2P(C,H5)3S + 3CS3 + P(C3H3)3(CH3)0H. 

Tnmethyl phosphine, dimethyl phosphine and methyl phosphine are precisely similar 
to the ethyl compounds and are similarly prepared. 

Phenylphosphine {phosphaniline), PH^-CgHj, is prepared by the action of HI on 
phosphenyl chloride, PCgHjCh ; it is a liquid of intense and repellent odour, boils 
at 160° C., and absorbs oxygen from the air to form the soluble crystalline jj/ienj/Z- 
phosphine oxide, C3H5PH3O. 

Phosphenyl chloride, PC^HjClj, is obtained when mercury diphenyl (p.i.) 
(^2^5)iHg, is heated with POl^. It is a liquid which combines with chlorine to 
form crystals of the tetrachloride, PO^HjCl,. WhenPCgHjCl, is treated with water 
it yields hypophosphorous acid (phosphenylons acid), CgH5'PHO(OH), which 

melts at 70 O. ^ Erom the tetrachloride, phosphinic acid {phosphenylic acid) 
C'cH5‘PO(OH)j, is similarly prepared ; it melts at 158° 0. 

Phosphenyl chloride and phenylphosphine react to form phosphohenzene, 
^A_’P : P'OgHg, the analogue of azobenzene, CgH.'N : N'CgHg. 

Piphcnylphosphine, PH(CgH5)3 (^* P- 280° C.), triphenylphosphine, P(0gH5)3 (m. p. 
75° triphcnylphosphonium iodide P(CgH5)3HI are also known. 

441. Trimethyl arsine, As(0H3)3, is obtained by the action of AsOlg 
on zinc methide. It is a strong-smelling liquid, boiling at about 70° 0 ., 
and resembling P(0,H5)3, but not forming salts with the acids. 

Arsen-dimethyl, or hakodyl, As(OH3)3, has a special interest as having 
been one of the first bodies recognised as a compound radicle capable of 
behaving like an elementaiy substance. The formula As(0H3)j repre- 
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sents only one volume of vapour, so that it must be doubled to represent 
a molecule, conveniently termed dihahodyl, and the symbol Kd may be 
used to represent the uncombined radicle or atomic group As(CH3),. 

The oldest compound of kakodyl is the dihahodyl oxide, KdjO, or 
alcarsin, or arsenical alcohol, named, after its discoverer. Cadet's fuminy 
liquid, and obtained by distilling a mixture of equal weights' of white 
arsenic and potassium acetate — 

As^Og + SCHgCOjK = 2 [As(CH3),,]„0 + 4CO., + 4K,C03. 

The distillate has a strong odour of garlic, and takes fire spontaneously, 
which is due to the presence of dikakodyl. It is received in water, 
when it sinks to the bottom. Its sp. gr. is 1.46, and it boils at 150° 0 . 
Dikakodyl oxide combines with acids to form salts. It dissolves in 
alcohol, and the solution gives, with mercuric chloride in alcoholic 
solution, a crystalline precipitate of Kd,0.2lIgCI,. By distilling this 
with strong HCl in a retort filled with CO,, kakodyl chloride, KdCl, is 
obtained as a heavy spontaneously inflammable liquid, of terrible odour. 
When this is heated to 100° 0 , in contact ivith zinc in an atmosphere 
of OOj, a compound of zinc chloride with kakodyl is produced, and on 
treating this with water dikakodyl separates as a heavy oily liquid 
which boils at 170“ C. It inflames spontaneously in air, and when its 
vapour is passed through a tube heated to 400° C., it is decomposed as 
in the equation As,(CH3)4 = 2 CH^ + C^Hj + As,. When slowly oxidised 
by air, it is converted into Kd„0, which is afterwards converted, in 
presence of water, into kakodylicacid, KdO'OH, or dimethyl- arsenic acid, 
AsO(OIl3)2’OH, representing arsenic acid, As0(0H)3, in which two OH 
groups are replaced bj^ (CH3),. This acid is best prepared by oxidising 
KdjO with mercuric oxide in presence of water — 

Kd „0 + 2HgO + H ,0 = 2KdO„H + Hg„. 

It crystallises from the aqueous solution, and is a stable acid. Sulphur 
dissolves in dikakodyl, forming Kd^S, a colourless liquid of unpleasant 
smell, which behaves like an alkaline sulphide. Kd,S, is a solid which 
may be crystallised from alcohol. 

Kakodyl cyanide, KdON, is prepared by distilling kakodyl chloride 'with 
mercuric cyanide ; 2KdCl + Hg(CN)„==2KdCN + HgC]2. It formslustrous prismatic 
crystals, fusing at 37° C. and boiling at 140°. It is nearly insoluble in water, but 
dissolves in alcohol. Its vapour is extremely poisonous. 

Kakodyl trichloride, As(CH3)„Cl3, is composed upon the model of AsClj, whilst 
the chloride, As(CH3)2Cl, is formed after As(Jl3. The chloride ignites in chlorine, 
but, if it be dissolved in carbon disulphide, the action of Cl converts it into, 
crystals of the trichloride. "When this is heated, it evolves methyl chloride gas, 
and a heavy irritating liquid distils over, which is arsenmethyl dichloride, AsCHjCh, 
boiling at 133° C., and soluble in water without decomposition. By evaporating 
the solution with sodium carbonate, and extracting the residue with alcohol, 
arsenmethyl oxide, ASCH3O, may be crystallised from the alcoholic solution. The 
crystals smell like assafoetida. Mercuric oxide in the presence of water, converts 
the oxide into metliyharsinic acid, AsCH30(0H)„. 

"When dikakodyl is acted on by methyl iodide, it yields kakodyl iodide and 
tetramethyl-arsoniurn iodide, as in the equation — 

ASjCCHj), + 2CH3I = As(CH3)„I + As(CH3),I ; 

this last, when decomposed by moist silver oxide, yields the corresponding 
hydroxide, As(CH3)^OH, which is strongly alkaline, and may be crystallised. 

Pentamethyl arsine, As(CH3)5, corresponding with AsClj, has been obtained. 

The ethyl compounds of arsenic are in every respect similar to the 
methyl compounds. 
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' It is worthy of remark that w'hilst phosphorus is capable of combining 
with both hydrogen ‘ and alkyl groups, thus forming true alkyl 
phosphines, arsenic appears to be incapable of such combination. Thus, 
dimethyl arsine, AsH(CIl3)2, and methyl arsine, AsHjCHj, are not 
known, although kakodyl chloride, AsCl(CH3)2, and arsenmethyl dichlo- 
' ride, AsOl^CHg, may be regarded as derivatives of dimethyl- and methyl- 
arsine respectively. Both the phosphines and arsines should be com- 
pared with the amines {q.v.). 

442. Antimony forms compounds with the alcohol radicles, composed upon the 
models SbClg and SbClj. 

Stihio-trimethyl, or trimetliyl stibine Sb(CH3)s, is obtained by heating methyl 
iodide with the potassium antimonide which is obtained by strongly heating 
tartar-emetic (p. 401) ; 3CH3I + K^Sb = 3KI + (CH^l^Sb. The powdered antimonide 
must be mixed with sand to moderate the action, and the distillation must take 
place in CO^. The product is a garlic-smelling liquid, of sp. gr. 1.5, and boiling 
at 80° C. It is insoluble in water, but dissolves in ether. By the slow action of 
air it is converted into Sb(CH3)30, but it is liable to take fire. It combines with 
chlorine and iodine, forming SblCHjljCL and Sb(CH3)3T„, which may be crystallised, 
and are formed upon the model of SbCl^. The iodide is formed when powdered 
antimony is heated to 140° C., in a sealed tube, with methyl iodide ; 9CH3I fSb^= 
3Sb(CH3)3T„+Sbl3. Stihio-trimethyl combines at once with methj'l iodide, 
forming Sb^CHj),! as a white solid, crystallising in six-sided plates from hot water. 
When decomposed by AgP in presence of water, it yields a strong Caustic alkali, 
tetrametJiyl-stibonmm hydroxide, Sb(CH3)40H, which may be crystallised, and forms 
crystallisable salts. 

Stibio-pentameihyl, Sb(CH3)3, composed on the model of ShCl^, is obtained by 
distilling stibio-trimethyl iodide with zinc methide. 

Stibio-tri-ethy], or tri-ethyl stibine, SblCjHjlj, is obtained like stibio-trimeth}'! ; 
or by acting on antimonious chloride with zinc ethide ; 2SbCl3-i- 3Zn(0._, 115)3=: 
2Sb(C3Hs)3 + 3ZnCl2. It resembles the methyl compound, but boils at I 58 °’ 0 . ”lt 
is remarkable for behaving like a metal ; even decomposing hydrochloric acid and 
liberating hydrogen; Sb(^03H5)3-f2HCl=Sb(C2H,)3Cl2-i-H2. The chloride is an 
oily liquid smelling like turpentine. The bromide and iodide are obtained by 
mixing a well-cooled alcoholic solution of stibio-tri-ethyl with alcoholic solutions 
of bromine and iodine ; the bromide is liquid, and is separated on adding water 
to the alcoholic solution ; the iodide crystallises, and behaves like potassium iodide 
with reagents. The sulphide, Sb(C2H5)3S, is obtained in colourless crystals by 
dissolving sulphur in an ethereal solution of stibio-tri-ethyl. It behaves with 
acids and with metallic salts like an alkaline sulphide ; thus, CuSO^ -f Sb(C2H3)3S = 
CuS-bSb (03115)3804. This sulphate, as well as the nitrate, Sb(C„H5)3(N03)2, are 
evidently formed, not on the model of the ammonium salts, but on that of SbCL. 

Bismuth tri-ethyl, 31(03115)3, is prepared by acting on ethyl iodide with an alloy 
of potassium and bismuth. It is a spontaneously inflammable liquid which is 
very unstable, depositing bismuth even below 100° 0., and exploding at 150°. 
As might be expected from the non-existence of BiOlj, bismuth tri-ethyl shows no 
disposition to combine directly with the halogens, its derivatives being formed 
on the model of BiClj. 

443. The compounds of lead with alcohol radicles are not composed upon the 
model of the stable chloride, PbCL, but upon that of PbCl^, which is not known 
in the pure state. 

Lead tetramethyl, Pb(CH3)4, formed by the action of zinc-methyl upon lead 
chloride; 2Zn(CH3),3-{-2PbCl3=2ZnCl;-t-Pb(CH3)4-f Pb ; it distils over at 110° C., 
and has the sp. gr. 2.03. It has a faint odour, is unaffected by air, and is in- 
soluble in water. When heated with hydrochloric acid — 

Pb(CH3)4 + HCl = Pb(CH3)3Cl -f CH4. 

The chloride is crystalline, and may be sublimed ; by reaction with potassium 
iodide, it gives colourless crystals of Pb(CHg)3l, and when this is distilled with 
potash, Pb(CH3)3- OH is obtained as a strongly alkaline body smelling like oil of 
mustard. 

Lead tetrethyl, PbfCgHj)^, and its derivatives resemble the methyl compounds. 

Lead tri-ethyl, Pb(C2H5)y is obtained by the action of ethyl iodide upon an alloy 
of sodium and lead. This combines with iodine in alcoholic solution, forming 



OEGANO-METALLIC COMPOUNDS. 


636 

from which, by means of Ag„ 0 , the hydroxide, Pb(C2H5)3- OH, is ob- 
tained as a strongly alkaline crystalline body, the smell of which excites sneezing. 
It forms salts by exchanging the OH for an equivalent amount of acid radicles. 

444. Mercuric metliide, Hg(CH3)„, may be obtained by the reaction between 
mercuric chloride and zinc methide, but a better method of preparing it it to 
dissolve one part of sodium in one hundred parts of mercury, and to add the 
amalgam, by degrees, to methyl iodide mixed with one-tenth of its volume of 
ethyl acetate, the action of which has not yet been explained. On distillation, 
the mercuric methide is obtained as a colourless liquid which is one of the 
heaviest known, its sp. gr. being 3.07, so that glass floats in it. It is unchanged 
by exposure to air, but gives off a faint odour, which is very poisonous. It boils 
at 95° C., and burns with a bright flame. When acted on by strong hydrochloric 
acid, HgCCHj)^ + HCl = HgOHaOl -f CHj-H. 

The mercury methyl chloride is crystalline, and sparingly soluble in water. The 
iodide, HgCHgT, is formed by keeping methyl iodide in contact with mercury in 
sunshine, or by adding iodine to an alcoholic solution of mercuric methide ; 
Hg(CH3)„4-I„=HgCH3l-)-CH3l. It is insoluble in w’ater, but crystallises from 
alcohol, and may be sublimed. It yields an alkaline solution of the hydroxide, 
Hg(OH3)qH, with Ag„0. 

Mercuric ethide, Hg(C„H5)2, is prepared like the methide, but with an amalgam 
containing only ^j^th of sodium. It has the sp. gr. 2.4, and boils at 159° C. Its 
vapour is decomposed at 200° C. into mercury and butane, 04H,„. 

Mercury ethyl chloride, HgOjHjCl, is obtained by acting on mercuric ethide with 
mercuric chloride dissolved in alcohol ; Hg(C2H5)2 -l- HgCl2= aKgOoH^Cl ; this shows 
it to be composed upon the mercuric type, HgO’h, and not derived from the mer- 
curous compound Hg2{C2H5)2, corresponding with HgjCIj. The chloride is insoluble 
in water, but crystallises from alcohol, and is easily sublimed. Silver oxide con- 
verts it into the mercury ethyl hydroxide, HgCjH.OH, a caustic alkaline liquid 
which blisters the skin. The iodide, HgCjHjI^ obtained like the methyl com- 
pound, is remarkably stable, crystallising from hot caustic soda, almost without 
decomposition. It is hardly soluble in water or alcohol. Hydrocyanic acid, in 
alcoholic solution, converts the hydroxide into the cyanide, HgCoHjCN, which is 
crystalline, volatile, and of very poisonous odour. 

The sulphide, (Hg02Hj)2S, is a yellowish precipitate formed by ammonium sul- 
phide in an alcoholic solution of the chloride. It may be crystallised from ether. 

Mercury diphenyl, (C3H5)2Hg, is formed when sodium amalgam acts on bromo- 
benzene. It is a fusible (m.p*. 120° C.) crystalline solid, subliming almost unchanged, 
insoluble in water, and sparingly soluble in alcohol and ether, but soluble in 
benzene. When heated, in a sealed tube, with HgCL and alcohol, it yields 
mercury-phenyl chloride, HgCgHjCl, and by decomposing this with silver hydroxide, 
mercury -phenyl hydroxide, HgC^Hj'OH, is obtained as a crystalline strongly 
alkaline base. 

445. Tin tetramethide, 80(0^3)4, composed upon the model of stannic chloride, 
SnCl4, is obtained by the action of an alloy of tin, mercury, and sodium upon 
methyl iodide. It boils at 78“ 0 . By the action of iodine, one methyl group is 
removed, and tin triviethyl iodide, Sn(CHg)3l, is obtained, and this, acted on by 
NaOH, yields Sn(CH3)30H, a sparingly soluble, crystalline, volatile, alkaline base. 

When methyl iodide is heated to 160° C., in a sealed tube, with tin-foil, tin di- 
methyl iodide, Sn(CH3)2T2 is formed. It crystallises in yellow prisms which dis- 
solve in water, and give a white precipitate of 80(0113)20, a basic substance, on 
adding ammonia. 

Tin tetrethide, or stannic ethide, Sn(C2H5)4, is prepared by distilling stannic 
chloride with zinc ethide. It has the sp. gr. 1.19, and boils at 181° 0 . It is re- 
markably stable, not being decomposed even when boiled wdth sodium. It is not 
precipitated by HjS. 

Stannous ethide, 8n,(02H5)4, composed upon the model of two molecules of 
stannous chloride, 8nOl„ is prepared by the action of ethyl iodide upon an alloy 
of tin with one-fourth of its weight of sodium. After the reaction, ether extracts 
Sa2(C2H5)4 and Sn2(C2H3)3. The ethereal solution is evaporated in C0„, and the 
mixture treated with alcohol, which leaves the hexethide undissolved. On add- 
ing water to the alcoholic solution, the stannous ethide separates as an oily 
liquid of sp. gr. i. 56, having a musty odour. When heated, it is decomposed ; 
Sn2(C2H5)4=Sn(C2Hs)4 + Sn. As would be expected, stannous ethide behaves as an 
hnsaturated compound, absorbing oxygen from the air, and forming Sd{G3H3);0, 
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■which is insoluble in ■water, alcohol, and ether, but dissolves in nitric acid, form- 
ing Sn(0„Hj)„(N03).„ and in sulphuric acid, forming Sn(C„H:5).jSO^, both of which 
may be crystallised ; they are evidently composed upon the SnCl< type. 

t^n hexethide, Sn,(C..H5)5, is composed upon the model of the unknown chloride, 
Sn„Cl5, corresponding ■s^th the oxide, SmOj. Its preparation is described above. It 
is an oily liquid of powerful odour, boiling at 270° 0., but decomposing into 
Sn(0,.H3)j and Sn. It combines with iodine, forming aSnCC^Hs)^!. When this is 
distilled with KOH, it yields Sn(C2H,)30H, which passes over with the steam and 
crystallises in prisms. This hydroxide is a very strong alkaline base, which yields 
.crystallisable salts ; the nitrate is Sn(C2H5)3.N03. 

■ 446. Aluminium meihide, AL(0H3)5, and the corresponding ethide are obtained 
by decomposing mercuric methide and ethide by aluminium ; 3Hg(CH3)2-h AL2= 
Hg3 + AljCOHa)^. They are spontaneously inflammable liquids, which are violently 
decomposed by water, yielding A]„(0H)3 and methane or ethane. At high tem- 
peratures their vapour densities lead to the molecular formulse A1(0H3)3 and 
A1(C2H5)3. By heating ethyl iodide with aluminium, A]2(C2H3)3l3 is obtained. 

Magnesium methide, Mg(OH3)2, and ethide are prepared by decomposing methyl 
or ethyl iodide with magnesium, when a solid iodide, MgCH,!, is fi.rst formed, 
which is decomposed when distilled in COj ; 2MgCH3l = Mg{CH,)2-l-MgT2. They 
are spontaneously inflammable liquids, yielding Mg(0H)2 and CH4 or C2H6 when 
decomposed by water. 

Organo-mineral compounds similar to those ■which have been described 
are formed by other alcohol radicles and benzene hydrocarbon residues. 

It is not necessary that the chlorine atoms in the original inorganic type 
should be replaced by the same alcohol radicle ; thus, Sn(CH3)j(02H.)2 
may be produced by the action of zinc methide upon Sn(0„B[3)20l2 ; and 
Sn(0H3)302H3 is formed by zinc ethide ■with Sn(CH3)3Cl. 

The fact that each element has an inherent power of holding in com- 
bination a definite number of radicles, elementary or compound, receives 
abundant illustration in the chemistry of organo-mineral compounds. 


IX. AMMONIA-DERIVATIVES. 

447. Ammonia-derivatives, /ormec? upon the type of ammonia by tho 
substitution of a compound radicle for hydrogen. — The organic com- 
pounds classed under this head are in many cases very nearly related 
to the organo-mineral compounds, since such compounds as P(CH.3)j, 
As(OH 3)3, Sb(CH3)3, B(CH3)3, are formed upon the type of PII3, AsHj, 
SbHj, and BHj, which are nearly allied to NHj ; but the strongly alka- 
line character of ammonia impresses special characters upon the bodies ' 
derived from it. 

These may be divided into — 

(1) Amines or ammonia-bases, formed by the substitution of alcohol 
radicles for the hydrogen in ammonia, such NH2‘0H3, ]SriI(CH3)2, 
1^(0113)3. This class should also include the ammonium bases, formed 
by the substitution of alcohol radicles for hydrogen in ammonium 
hydroxide, NH^OH, such as N(0H3)^0H. All these are basic, many of 
them powerfully so. 

(2) Amides, derived from ammonia by the substitution of acid radicles 
for hydrogen, such as NH,(CH3C0), NH(CH3CO)2, N(OH3CO)3. These 
may also be regarded as formed from acids by the replacement of 1, z, 
or 3 OH groups from the OOOH groups of the acid by (NHj)', (NH)", 
and W respectively. They are only slightly basic compounds, since 
the acid radicle has nearly neutralised the basic character of the parent 
ammonia. 
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(3) Amido-acids, derived from acids by the substitution of (NH,)'for H 
in the hydrocarbon residue, such as CH,(NII,) • OOOH from CHj'COOH. 
These are both basic and acid in character. 

A compound containing the group is known as an amide-com- 
pound, one containing NH is an imide-compound, whilst one containing 
attached to carbon only, is a nitrile compound. 

Tue Amines or Ammonia-bases and Ammonium-bases. — These ai’e 
called pQ'iTnary, secondary, l&riiary, or quaternary, accordingly as one, 
two, three, or four atoms of hydrogen have been replaced. The quater- 
nary bases can only be derived from 


j Amines or ammonia-bases. ^ 

. Ammonium-bases. 

1 

Primary or 
Araido-bases. 

Secondary or 
Imido-bases. 

Tertiary or 
Nitrile-bases. 

Quaternary 

bases. 

1 

NR'g 1 

NR'" 

NR', OH 


Amines are also distinguished as monamines, di-amines, and tri- 
amines accordingly as they contain one, two, or three atoms of nitrogen. 
Thus, is a primary monamine ; is a primary di-amine ; 

and RjEEgR'" is a primary tri-amine. and NHR" are secondary 

monamines; 2Sr3H2ll"2 and are secondary di-amines; N3IT3R''",, 

ITgHjR'^R'g, and N3H3R‘'R"R'" are secondary tri-amines; NR'g and 
NR'" are tertiary monamines ; NjR'g and !NjR"R'^ are tertiary di-amines; 
and N3R"'3 and N3R'"R'(, are tertiary tri-amines. 

The most generally applicable method for preparing the primary 
amines, consists in reducing the corresponding nitro-compound -witli 
nascent hydrogen. Since the nitro-compounds are more easily obtained 
from closed-chain than from open-chain hydrocarbons, this method is 
most frequently used for preparing aromatic primary amines; 
CgHgNOj -1- Hg = CgHgNHg -1- 2 H„ 0 . 

The fatty amines can be prepared by heating the alkyl halides with 
ammonia in alcohol {v.i), but the aromatic amines cannot be similarly 
produced from the nucleal halogen-substituted benzene hydrocarbons. 

The cyanides of hydrocarbon radicles are convertible into primary 
amines by treatment with nascent hydrogen ; OjHg’ CN -t- = 

CgHg-OHg-NHg. 

448. Methylamine, NHgOHg, dimethylamine, NIJ(OH3)2, and trimethyl- 
amine, N(0H3)3, in the form of their hydriodides, and tetrameihyl 
ammonium iodide, N(OH3)^I, are all obtained when a strong solution of 
ammonia in alcohol is heated with methyl iodide for some hours, in a 
sealed tube at 100° 0 . The reactions which occur may be represented 
by the following equations (]Nre = CB[3) ; — 

(1) NH3 -f Mel = NHoMe-HI; 

(2) 2NH3 -J- 2MeI = NHMe.HI -f NH,I ; 

( 3 ) 3NH3 -f sMel = NMeg- HI + 2NH,I ; 

( 4 ) 4NH3 -f- 4MeI = NMe,I -h sNHJ. 

The hydriodides of the three amines crystallise on cooling, leaving the 
NMe^I in solution. The hydriodides are distilled with KOH into a receiver 
cooled in ice, when a mixture of NMOg, NHMe_„ and a little NH„Me is condensed, 
much of the last escaping as gas with the NHg from the NH^I. The mixed 
amines are then digested with ethyl oxalate, when the NMeg is not acted on, and 
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may be distilled off. The methylamine is converted into methyloxamide, and 
*the dimethylamine into ethyl dimethyloxamate (E = C„H5)— 

2NH„Me + (COOE)„ = (CONHMe), + 2EOH ; 

NH]\Ie„ + (COOE); = 

Water at 0° dissolves the last-named compound, and leaves the methyloxamide 
nndissolved. On distillation with potash, the methyloxamide jdelds potassium 
oxalate and methylamine; (C0NHMe)2-f2K0H = (C00K)2-t-2NH„Me ; and the 
^th}-! dimethyloxamate yields potassium oxalate, dimethylamine, and alcohol — 
C202(NMe„)(0E) -i- 2KOH = (COOK), + NHMe, -f E9H. 

Any tetramethjd animonium iodide which may have remained with the crystal- 
line iodides, will be left in the retort after distillation with KOH, for it is not 
decomposed by this alkali. 

449. Methylamine, NHjCHg, is a gas resembling ammonia, but more 
combustible and more soluble in water ; in this it surpasses all gases, 
one volume of water dissolving 1150 volumes of methylamine. The 
solution is strongly alkaline. In its reactions with metallic salts it 
resembles ammonia, but it dissolves aluminium hydroxide and will not 
dissolve the hydroxides of nickel and cobalt. Its behaviour with acids 
and with PtOl^ is similar to that of ammonia. 

When passed through a red-hot tube, it yields hydrocyanic acid, HCN, and 
ammonium cyanide, NH.CN. Potassium converts it into potassium cyanide — 

NH2CH3 + KCN + H3. 

■ Conversely, methylamine is formed by the action of nascent hydrogen on hydro- 
cyanic acid; HCN + H^=NH2CH3. It is also produced by distilling methyl 
isocyanate with potash (see Cyanogen). Methylamine occurs in the fruit of 
Mercurialis (dog-mercury), a plant of the order Euplioriiacem. Several of the 
alkaloids yield it when distilled with potash. 

Dimethylamine, NH(CH3)2, is a gas, condensing at 7° C., and resembling methyl- 
amine. it has been found "in wood-spirit and in guano. 

Trimethylamine, 11(0113)3, is obtained on a large scale by distilling 
the vinasses obtained in refining beet-root sugar, which corresponds with 
the molasses from cane-sugar, but is not fit for food. It contains 
sugar, by fermentation of which alcohols are obtained, and substances 
containing nitrogen,^ which furnish ammonia and compound ammonias 
derived from the alcohols when distilled. By neutralisation with HCl, 
the hydrochlorides of ammonia, trimethylamine, &c., are obtained. 
The NH^Ol, benig less soluble, is crjstallised out, and the 1^(0113)3.1101 
is distilled with lime, when trimethylamine comes off as a gas which 
• may be absorbed by water. The solution also contains dimethylamine 
ethylamine, propylamine, and butylamine. It has been used for con- 
verting KOI into KjOOj, by a process resembling the ammonia-soda 
process (p. 315), which depends on the fact that NaHOOg is less soluble 
in water than is NH^Ol ; but KIIIOO3 has about the same solubility as 
l^H^Ol, so that trimethylamine, whose hydrochloride is much more 
soluble, is substituted for ammonia. 

Trimethylamine boUs at 3.5° O.; it has a fish-like smell, is inflam- 
mable, and mixes easily with water. It forms salts by direct com- 
bination with acids, like ammonia. It is not unfrequently found in 
plants, as in the flowers of hawthorn, pear, and wild cherry, and in 
arnica and ergot of lye. . It also occurs in the roe of the herring, and 
may be obtained by distilling herring-brine with lime. It is often 
found in the products of distillation of animal substances, together with 
amines containing other alcohol-radicles. Bones, when distilled, yield 

® Particularly letaine {Seta viilgarif. beet), or trimethyl glyeodne, C(GH 3 ) 2 -NH 2 C 020 Br 3 . 
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trimethylamine, methylamine, ethylamine, propylamine, and buty- 
lamine. The putrefaction of flour and other nitrogenous substances 
furnishes these ammonia-derivatives. The hydrochloride of trimethyl, 
amine is employed ‘for making methyl chloride on the large scale, as 
described on p. 61 1. 

450. Tetramethylammonium hydroxide, !N’(OHg)^OH, is prepared by 
decomposing the iodide with AgOH ; hTMe^I -|- AgOH = NMe^OH + Agl, 
The iodide is obtained by heating an alcoholic solution of ammonia with 
an excess of methyl iodide in a sealed tube at 100° 0. for some time; 
4NH3 + 4MeI = NMe^I + 3NH^I. The ammonium iodide, being nearly 
insoluble in alcohol, crystallises out, and the tetramethylium iodide 
is obtained in prismatic crystals by evaporating the solution, and may 
be purified by crystallisation from water, in which it is rather sparingly 
soluble. When decomposed, as above, by silver hydroxide, the solution 
filtered from the Agl, when evaporated m vacuo, yields a crystalline 
deliquescent mass of tetramethylium hydroxide, which acts like a caustic 
alkali, and absorbs COj from the air. When heated, it yields methyl alco- 
hol and trimethylamine ; NMe^OH = NMoj -j- MeOH. The ammonium 
bases form salts with acids in the same way as the alkali hydroxides ; ' 
thus, NMe,OH -f- HNO3 = NMe,N03 H„0 ; 2NMepH + H^SO, = 
(NMe)jSO^-f cHjO. These are not decomposed by potash, even on boil- 
ing ; this forms a point of distinction between the salts of amines and 
ammonium bases. 

451. The ethylamines may be prepared by the action of ammonia on 
ethyl iodide and may be separated from each other in the same way as the 
methylamines. They are prepared on a large scale by the action of 
NHj upon the impure ethyl chloride obtained as a secondary product 
in the manufacture of chloral. This is heated for an hour in a closed 
vessel with a saturated alcoholic solution of NH3, The volatile matters 
are then distilled ofi", and the hydrochlorides crystallised; on decom- 
posing these with strong soda solution, the three ethylamines form an 
oily layer on the surface. They are separated as described undei- the 
methylamines. 

■ Ethylamine, NHjOjHj, is an ammoniacal inflammable liquid, of sp. 
gr. o.6g6, and boiling point 18.7° C. It mixes with water in all pro- 
portions. It is a stronger base than ammonia, and dissolves alumina, 
though it does not easily dissolve cupric hydroxide. Its salts resemble 
those of ammonia, e.g., NH^E.HCl, (NHjE)2ll2S04,(NIl2E.HCl)jPt0l4. 

DicMorethylamine, NCljC.H,, is produced by the action of chlorine on aqueous 
ethylamine, or by distilling the hydrochloride with chloride of lime and water. 
It is a golden-yellow liquid, of very pungent smell, like chloropicrin (p. 629), 
insoluble in water, of sp. gr. 1.24, and boiling point 88° 0 . Zinc ethyl converts it 
into tri-ethylamine ; NChO^Hj -f Zn(G„H5), = N(0„Hj)3 -1- ZnClj. The corre- 
sponding iodine compound is a dark blue liquid decomposed by heat. 

Di-ethylamine, is also an ammoniacal liquid, boiling at 56° C., and 

mixing easily with water. Unlike ethylamine, it does not dissolve zinc 
hydroxide. 

When its hydrochloride is distilled with potassium nitrite and a little water, 
etJiylnitrosamine is obtained ; this contains the group "NO in place of the hydrogen 
atom attached to the nitrogen, (CjHjbN'NO. Diethylamine nitrite is probably 
first formed and then decomposed — 

(aH 3 ).,NH.H 0 N 0 = (O.H^bN-NO + HOH. 

Ethylnitrosamine is a yellow aromatic liquid* insoluble in water, of sp. gr. 0.9S 
and b. p. 177° 0. 
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Nascent liydrogen reconverts it into di-ethylamine — 

2 NE„N 0 + H, = 2NE„H + H „0 + N„ 0 . 

When it is dissolved in hydrochloric acid, and HCl gas passed into the solution, 
it yields nitrosyl chloride and di-ethylamine hydrochloride— 

NE„NO 2HCI = NEjHoCl + NOCl. 

Tri-etliylaininc, N(G.,H,)3, may be obtained by heating di-ethylamine with eth}-l 
bromide; N(C2H5)„H + C„H3Br=N(C„H5)3.HBr ; the crystallised hydrobromide 
thus obtained yields the* tri-ethylainine when distilled with potash. It differs 
from the other amines in having a pleasant smell, and being sparingly soluble in 
water. It boils at 89° C. Its reaction is strongly alkaline, and is resembles 
ammonia in its action upon metallic salts, except that it dissolves alumina, and 
scarcely dissolves silver oxide, which is readily soluble in ammonia. 

452. Tetrethflammonium hydroxide, N(C2H5)j.OH, is prepared like the methyl 
compound, which it much resembles, but crystallises rather more easily. In its 
chemical behaviour, it is very similar to potassium hydroxide, but it produces, in 
chromic salts, a precipitate of chromic hydroxide, which does not dissolve in excess. 
When heated to 100° 0 ., it does not yield alcohol, but ethene, water, and tri- 
ethylamine ; N(C„H3)4'0H=C2H^-t-H2O-i-N(C„H5)3. If it be heated with ethyl 
iodide, alcohol and tetrethylammonium iodide are formed; NE^OH-f-EI^ 
EOH-t-NE,I. The iodide may be obtained by the combination of N(02H3)3 with 
CjHjI, just as NH4I is formed by NHj and HI, the combination producing heat ; 
it is also prepared, like the methyl compound, by heating alcoholic ammonia, in 
a sealed tube, to 100° 0 ., with excess of ethyl iodide. It crystallises in cubes 
like the alkali iodides, and becomes brown, when exposed to air, from the forma- 
tion of the triodide, NEjIj. It is very soluble in alcohol and in water, but is 
insoluble in solution of potash, which precipitates it from the aqueous solution, 
but without decomposing it. When heated, tetrethyammonium iodide under- 
goes dissociation, like ammonium chloride, yielding ethyl iodide, which distils 
over, and is followed by tri-ethylamine, these afterwards combining to reproduce 
the iodide. 

The otlier alcohol radicles, propyl, butyl, amyl, &c., also produce 
amines and ammonium bases. It is not necessary that two or three 
atoms of IT in NHj be replaced by the same radicle; we may have 
mixed cmines, such as methyl- ethylamine, NH(0H3)(02B[5), obtained by 
the action of ethyl iodide on methylamine ; and if this be acted on by 
amyl iodide, methyl-ethylamylamine, N(CB[j)(C2H.)(05Hj,), is produced. 
Again, trimethylethyl ammonium iodide, NEMCjI, is obtained by acting 
on tri-metbylamine with ethyl iodide. 

453. To ascerkiin lohether an amine is secondary, or tertiary, 

add sodium nitrite to a concentrated solution of its hydrochloride 
(which is equivalent to treating the free base with nitrous acid). A 
primary amine yields the corresponding alcohol with evolution of nitro- 
gen; 03H.•NH,-^HO•^T:O = C2H3•OH-^-N2-t- HOH. A secondary 
amine yields a nitrosannine, which separates in oily drops — 

(C„H3).NH HO-N : 0 = (C„H 5 )„N-N 0 -f HOH. 

A tertiary amine undergoes no change. 

A primary amine can also be distinguished by the carhylamine reaction. 
Warm the hydrochloride with chloroform and alcoholic potash ; the 
characteristically disagreeable odour of a carbylamine (q.v.) wnll be 
noticed ; O^H^- NH, OHOI3 -k 3KOH = i 0 -k 3KCI -k 3HOH. 

A uitrosamine can, be further recognised by Liebermann’s nitroso-reaction ; 
the suspected compound is mixed with phenol and H0SO4 cone. A nitroso- 
compound gives a dark green solution, becoming red when diluted and blue 
when made alkaline. 

Another method of investigating the constitution of an amine, is to heat its 
alcoholic solution with methyl iodide in a sealed tube ; a tertiary amine will 
yield a substituted ammonium iodide by direct union with methj'l iodide ; 
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N(C„Hj;)3 + CH3l=N(C„IIj)3.CH3l ; a secondary amine will yield an ammonium 
iodide containing two inethyl groups ; NH(C2H5)j + 2CH3l = HI + N(C2H5)3(CH3)jI; 
a primary amine will yield an ammonium iodide containing three methyl groups, 
NH„(C3H3) + 3CH3I = N (CoHj) (0113)31 + 2HI. See, also, 31 ustard-oil reaction. 

454. The commonest open chain diamines are those which are derived 
from ethylene. If ethylene diamine, be regai’ded as glycol 

in which amidogen has replaced hydroxyl, it will he seen that ■ afco/jol- 
amines, such as C2lI^(OH)(NH.,), can exist ; these are primary amines, 
and have been called hydn'amines. The hydramine 02H^(0H)(NH2) is 
also termed hydroxy-ethylcvniine. The diamines are diacid 'bases, i.e., they 
are equivalent to 2NIT3 in their relation to acids. 


Ethyhne diamine, CHjNHo'CHjNH, (b. p. 123° 0 .), is formed by the action of 
ethylene bromide on an ^cofiolic solution of ammonia at 100° C. ; 2NII3+ 
C2H4(NH;)2.2HBr. The hydrobromides of diethylene diamine, NoHofOoHj^" (b. p. 
145° C.), and triethyUne diamine, (b. p. 210° C.), are produced at the 

same time. The three diamines are liberated by KOH and fractionally distilled. 

Ethylene diamine has very little odour of ammonia, but dissolves in water to 
an alkaline solution. It is also formed when cyanogen is treated with nascent 
hydrogen (HCl + Sn) ; CN*CN + Hg = CH2NH„‘CH„NH3. Nitrous acid converts it 
into ethylene oxide, though glycol is probably first formed. 

Diethylene diamine has the structure<^^jj",^jj,^jj‘^^andis identfcal with 

piperazine (see Pyrazine) which is used as a remedy for gout, since it readily dis- 
solves uric acid. It melts at 104° 0 . 

Hydroxy-etliylamine, CH„OH'CH„NH„, is obtained by the action of ammonia on 
ethylene chlorhydrin ; C.3ft4(OH)Cl-t-2NH3=C2H,(OH)NH;-f NHjCl. The second- 
ary monamine, dihydroxy-ethylamine, (GjHpHl’jNH, is produced at the same time. 


and when this is dehydrated it yields morpholine, 0<!^^ 
closely allied to morphine, 


GH,-GH 


a base 


GH„-GH, 


Two important animal products have been shown to be ammonium 
bases connected Avith the hydramines ; these are choline, which occurs 
in bile, egg-yolk, and the brain ; and neurine, which is also obtained from 
the brain. The latter is typical of the class of poisonous substances 
resulting from decomposing animal matter, and knoAvn as 2}tomaines 
(jrraya, a corpse) or toxines. 


Choline is hydroxyethyl-trimethyl ammonium hydroxide, N(G„HgOH)(CH3)3'OH, 
and can be artificially prepared by heating ethylene chlorhydrin with trimethyl- 
amine in aqueous solution. It is strongly alkaline and crystallises with difficulty ; 
it is not poisonous, but when oxidised by nitric acid it yields muscarine or 
hydroxycholine, N[G2H3(OH)2](GH3)3’OH, which is a poisonous base found in the 
toadstool, Agariciis muscarius. 

When treated with hydriodic acid, choline yields the iodine derivative 
N(G2H4l)(GHJ3'I, which with AgOH, yields neurine ox trimethyl-vinyl ammonium 
hydroxide,-'H(CM.^{G'S.: 33 '^^- This is strongly alkaline and poisonous, but has 
not been crystallised ; it is a product of the putrefaction of many kinds of 
animal matter. 

Other ptomaines besides neurine (from flesh) and muscarine (from fish), are 
ncuridine, GjHj^N, (from flesh), gadinine, GgHj.NOo (from fish), cadaverine, or 
pentamethylene diamine, G^H^N,, putrescine or tetra-methylene diamine G4H,2N.,, 
mydine, CgHjjNO, and mydatoxihe, GgHjjNO,. ' . 


455. The ammonia bases derived from aromatic hydrocarbons must be 
differentiated into those in which the amido-, imido-, or nitrile group 
enters the side chain of the hydrocarbon, as in benzylamine , ' 
OgHg- OHoNII,, and those in Avhich the group is attached to the closed- 
chain nucleus as in phenylamine, OgHsNII,. The bases of the former class 
behave in every respect like ’the fatty amines, but those of the latter 
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class show slight differences, due to the fact that a closed-chain nucleus is 
alioays somewhat more acidic than an open-chain nucleus ; thus, phenyl- 
amine is less basic than ethylamine, because the basic properties of 
ammonia have been more neutralised by phenyl than by ethyl. For 
the same reason, the nucleal aromatic amines show some relationship to 
the amides and amido-acids (p. 647) ; for instance, they readdy undergo 
the diazo-reaction (p. 660) characteristic of amides and amido-acids. 
Hence some chemists term the aromatic amines amido-compounds.' 

Phenylamine, or aniline, or amidohenzene, CgHj'HHg, is prepared 
from nitrobenzene, CjHj'JSTOj, by reducing it with metallic iron in con- 
junction with acetic or hydrochloric acid. 

On the large scale, the operation is conducted in a cast-iron retort provided 
with an agitator and condenser. Twenty parts of fine cast-iron filings, some 
water, and one part of hydrochloric acid are introduced into the retort, and 20 parts 
of nitrobenzene are allowed to flow slowly in, with constant stirring. Steard is 
blown into the retort through the hollow agitator, and the action continued 
until no more nitrobenzene volatilises and runs back from a vertical condenser. 
When the reaction is terminated, high-pressure steam is blown in; when aniline 
and water distil over, the former sinking to the bottom, and the water, which 
retains a little aniline, being used to furnish steam for the next operation. The 
aniline is purified by distillation, and the iron residues are sent to the blast 
furnaces. In this method the HCl is only required to start the reaction, which 
may be represented by the equation, 

40 ,H 5 NO„ + 4H„0 4- FCg = 4C«H,NH„ + sT'e^O,. 


The process requires care, because, if the action becomes too violent, benzene 
and ammonia are produced ; CsH5.N02+H8=C5H5’H'+NH3-f-2H20. 

On the small scale, tin is more convenient than iron. Granulated tin is placed 
in a retort with inverted condenser, and covered with strong HCl ; nitrobenzene, 
is added in small portions, and when the action has moderated, the mixture is 
boiled till all the nitrobenzene has disappeared; C„H5NO„-f-3SnClo-f6HCl = 
C„HsNHj-t-3SnCl, + 2H20 ; the liquid is decanted from the excess of tin, when it 
deposits," on cooling, a crystalline compound of aniline hydrochloride with 
stannic chloride ; (CgHjNH,jHCb2.SnCJj. By distilling this with excess of potash 
or soda, the aniline is set free. 

If iron be employed, acetic acid should be used, suitable proportions being 
r part of nitrobenzene, i part of strong acetic acid, and 1.2 part of iron filings. 

Nitrobenzene may also be converted into aniline by dissolving it in alcohol,, 
saturating the solution with ammonia gas, then with H„S gas repeatedly, as long 
as the latter is acted on; GsH,N 02 -b 3 H 2 S = CgH 5 NH„-f' 2 H „0 + S3. The liquid is 
decanted from the sulphur, and the alcohol and ammonium sulphide distilled off 
in a water-bath ; the mixture of aniline and any unaltered nitrobenzene is treated 
with HCl, which dissolves only the aniline ; this may be liberated by distillation 
with potash. 


Since commercial benzene contains toluene and other hydrocarbons, the aniline 
prepared froni it will contain toluidine and other bases. To purify it, the crude 
aniline is boiled with glacial acetic acid, in a flask with a reversed condenser, 
when it is converted into acetanilide, CgHsNH-CoH^O. This is distilled, washed 
with carbon disulphide, and recrystallised from water till its melting point is 
115° C., when pure aniline may be obtained from it by boiling with NaOH — 

(1) NHj-CgHj -1- CjHjO-OH = NH'CgH •C„H30 -f HOH ; 

(2) NH.CgHs'C^HjO -t- NaOH = NH.-C.H/h- NaO-CoH^O. 


Aniline was originally obtained by distilling indigo, either alone or 
with caustic alkalies, and was named from anil, the Portuguese name 
of indigo. It is also found in coal tar, and in the products of distilla- 
tion of bones and peat. 

Proiyerties of aniline. — Colourless when pure, but generally of a 
yellow or even brown colour, having a characteristic rather ammoniacal 
smell ; sp. gr. 1.03, and boiling point 184° 0. ^rVhen shaken with 
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■water, it appears almost insoluble, but the -water takes up about 
of its -weight of aniline, and the latter takes up about ^^^th of its 
weight of water. It is easily soluble in alcohol and ether, and the 
atter may be employed to collect it from an aqueous solution. It has 
no alkaline reaction. Most of its salts crystallise easily. The hydro- 
chloride Ogllj’ NHj.HOl, is commercially kno^vn as aniline-salt. The 
oxalate, (C5lljN),.H„020.„ is rather sparingly soluble in water. Aniline 
has the rare property of dissolving indigo. 

Many oxidising agents produce intensely coloured products -with 
aniline. The usual test for it is solution of chloride of lime (bleaching- 
powder), which gives a purple-violet colour, changing to brown. 
Solutions of aniline give a bright green precipitate, ( 0 gH 5 NII,) 2 CuS 04 , 
with CuSO,. 

4 


Substitution products of aniline are obtained by the reduction of the corre- 
sponding nitro-compounds ; thus 1 : 2-chloronitro-benzene, CgH^Cl ‘NO;, will yield 
1 : 2 -cMoraniline, OgHjCl’NHj. By the action of chlorine or bromine water on 
aniline, the trichloranilines and tribromanilines are produced, the latter form the 
white precipitate which hromine-water gives with aniline. 

Nitraniliucs, or nitrophenylamines, OgHjNOj'NH,^ are obtained by the partial 
reduction of the dinitro-benzenes with (p. 643). The presence of the 

acidic nitro-group greatly reduces the basic character of the aniline, so that 
dinitraniline is neutral, and trinitraniline, C„H„(NO..)3"NH„, is acidic in properties. 

Aniline-sulplionic acid, or i ; /^-amidobenzene sidpJionic acid, or sidplianilic acid, 
CgHj(SOaH) "NHa, is obtained by heating aniline with twice its weight of fuming 
sulphuric acid at 180° C. until SO„ is given off. When the liquid is diluted, the 
acid is precipitated. Sulphanilic'acid is the parent substance of several dyes, 

456. Alky [anilines. —Aniline, being a primary monamine, may be converted into 
secondary and tertiary amines by replacing the hydrogen of the amidogen 
by other radicles. Thus, methylaniline, CaHj'NHCHj, and dimethylaniline, 
C,,H5N(CH3)„, are obtained by the action of methyl iodide on aniline, or by 
heating methyl alcohol with aniline hydrochloride, in a closed vessel, at 250° C., 
when the hydrochlorides of the methyl bases, and water, are produced. Di- 
methylaniline is also prepared on a large scale by the action of methyl chloride 
on a heated mixture of aniline and caustic soda — 

2CH3CI + C3H5NH3 + 2NaOH = C,H3N(CH3)2 aNaOl +,2H„0. 

They are liquids boiling at about 190° C., and used in the manufacture of certain 
aniline dyes. Such alkylanilines are more basic than aniline, and behave 
generally like phenyl-substituted open-chain amines. The dialkylanilines, how- 
ever, react with nitrous acid, notwithstanding that they are tertiary amines 
(p. 641). The products are iso-nitroso-dcrivatives — i.e., the NO group is attached! 
(ffrectly to 0 ; thus, isonotroso-dimethylaniline is CgHj^NO) •N(CH3)„. 

457. Diphenylamine, or plienylaniline, NH(C|,H5)„, is a secondary monamine 
obtained by heating aniline hydrochloride with aniline at 250° C., in a closed 
vessel from which the NH3 is allowed to escape from time to time — 

CeHj-NHjHCl -j- C.Hj-NHj = NHCCgH,)^ + NH3.HOI; 
the excess of aniline employed decomposes the ammonium chloride, so that a 
mixture of aniline hydrochloride and diphenylamine is left ; on adding wmter, the 
latter is left undissolved. It is a crystalline solid, soluble in alcohol and ether, 
and having feeble basic properties. It melts at 54° C, and boils at 310° C. When 
acted on by nitric acid, three atoms of the phenyl hydrogen are replaced by NO3, 
producing liexanitrodiphenylamine, NH(03H„(N0„)3)„, in which the remaining ' 
ammonia hydrogen may be replaced by NH,, the resulting compound, 

N(NHp(C 3 H 3 (N 03 ) 3 ) 3 . 

being used as an orange dye, aurantia. 

Diphenylamine is used as a delicate test for nitrous acid, with which it gives a 
deep blue colour in strong sulphuric acid. 

By heating diphenylamine hydrochloride with methyl alcohol in a closed vessel, 
metliyl-diplienylamine, NGH3(C3H5)o,is obtained. It is a feebly basic liquid, boiling 
at 282° C., used in the manufacture of blue colours. 
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The aminonia-hydrogen in aniline may Tje evolved by dissolving potassium in 
the base, when NHK • and are produced. By acting on the latter 

with phenyl bromide (broroobenzene) the tertiary amine, iriphenylamine, N(CeH5)3, 
is produced ; NK„CjHs+2CsH5Br=N(0„H5)3 + 2KBr. This compound is not basic ; 
it is insoluble in water, but may be crystallised from ether. 

Diphenylamine dyes.—Thiodiphemjlamine, is produced when 


diphenylamine, is heated with sulphur ; it melts at i8o° C. When oxidised with 
fuming nitric acid it yields the compound NH[CgH3{N02)]2S0, which, by reduc- 
tion, yields the corresponding amido-compound, diamido-tJiiodiphenylamine, 
NH[C3H3{NH2)]B ; by oxidation with FCjClp this yields Lauth’s violet or thionine 

hydrochloride aqueous solution of which gives a 

black crystalline precipitate of thionine with ammonia. 

The tetramethyl-thionine chloride is methylene hive or fast blue, 


^-C3H3[N(CH3)J- 

"^C,H3[:N(CH3)3C1] 


>s. 




This is obtained by treating dimethylaniline hydrochloride with sodium_ nitrite 
and reducing the isonitroso-dimethylaniline (p. 644) with H^S ; the dimethyl- 
par a-phenylene dmminc, C6H^{NH„)-N(CH3)„, thus produced is then oxidised by 
Bezels in presence of the excess o'f H^S ; the blue solution is next saturated with 
NaCI, and ZnCL is added to precipitate the ZnCl„ compound of the dye. The dye. 
forms bronze-green crystals, which dissolve in cold water to a fine blue liquid 
employed in dyeing, being fixed on cotton with a tannin mordant. It has also 
been found very useful as a staining material for microscopic physiology. The 
production of methylene mhite, 0,311,(0113)41138, by the action of reducing agents 
has led to the use of methylene blue for measuring the reducing power of 
different portions of the body. The formation of the blue is one of the most 
delicate tests for H„S in solution ; the liquid to be tested is mixed with excess of 
HOI, a little dimethyl-para-phenylene diamine sulphate added, followed by a 
drop of ferric chloride. 


457a. Aniline is capable of forming anilides and anilido-acids wliicli 
are comparable with tbe amides and amido-acids (p, 637), the group 
NH(0„H5) playing the part of the group NHj. 


Acetanilide, OHgCO'NHlO^Hj), is prepared by boiling aniline with glacial acetic 
acid ; it forms white prisms, soluble in hot water, melts at 115° 0. and boils at 
304° 0 . It is used as a febrifuge under the name of antifehrin. The methyl- 
acetanilide, 0H300’N(0H3)(03H5), is a remedy for headaches, and is called ea:a?rjrire/ 
it melts at 102“ 0. 

Anilido-acelic acid, 0H3'NH(03H5)'000H, the analogue of amido-acetic acid, is 
also called phenyl-glycocine (g'-u.). , 

458. The three toluidines, or amido-tolnenes, C5H4CH3‘l>!’Hj, arc 
metameric with methyl-aniline. They are prepared by reducing the 
nitrotoluenes, just as aniline is prepared from nitrobenzene. Ortho- 
toluidine is a liquid resembling aniline, of sp. gr. 1.003, and boiling 
point i99°.S 0 , It becomes pink in air. Chloride of lime gives it a 
.brown colour, which is changed to red by acids. The aniline-oil .ot 
commerce always contains toluidine, so that it gives a brown coloim with 
chloride of lime, as well as the violet due to aniline. By shaking with 
ether, the toluidine brown is removed, and becomes pink when the 
ethereal layer is shaken with acetic.acid. Metatoluidine is a liquid of 
sp. gr. 0.998, and boiling at 202° 0 . Paratoluidine, which forms about 
35 % of commercial toluidine, is a crystalline solid, fusing at 45° G. and 
boiling at 198“ 0 . It is sparingly soluble in water, and is feebly 
alkaline ; alcohol and ether dissolve it. It is not coloured by chloride 

* In this formula, and others of its type, the quinone linking : C6H4 ': is represented in 
one of the benzene nuclei (see Quinones). 
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of lime. Its basic properties are weak. Its oxalate is insoluble 'in 
ether, which dissolves orthotoluidine oxalate. When methylaniline 
hydrochloride is heated to 350° 0., it is converted into the isomeric 
paratoluidine hydrochloride; OgH; lsrH0H3,H01 = CeH,(CH3) • NHj.HOl. 

459. Xylidines, 0cH3(GH3)„’NHj. These are six in number, and are metameric 
with dimethylaniline. Commercial xylidine is chiefly amidojparaxylene, and is 
prepared by heating dimethylaniline hydrochloride, when a change occurs 
analogous to that involved in the conversion of methvlaniline hydrochloride into 
paratoluidine hydrochloride (v.s .) ; C,H3-N(CH3)„,HCi = C„H3(CH3)2'NH„, HCl. It 
is used for making dyes. 

Bensylamine, CeH^'GH„NH„, is produced by the action of benzyl chloride upon 
ammonia in alcoholic solution; C3H5‘CH.U1 + NH3=C3H3'CH2NH„,HC1. By dis- 
tilling the hydrochloride with potash, it is” obtained ‘as a colourless liquid, boiling 
at 185°. It is metameric with toluidine, and differs' greatly from it, being easily 
soluble in water, and strongly alkaline. It is a more powerful base than 
toluidine. 


Dibenzylamine, (C3Hr/CH._,)3NH, and tribenzylamine, (CpHj- CH2)3N, are formed in 
the same reaction as benzylamine. The secondary amine is a liquid, boiling at 
about 300° 0. , and the tertiary is a crystalline body, soluble in hot alcohol. 

a-Naphihylamine, or oiaphthalidine, C,3H,-NH„, or amido-naphthdlene, is prepared 
from a-nitro-naphthalene, 0,3H,'N0„, in the same way as aniline from nitro- 
benzene. It forms colourless needles, having a disagreeable smell of mice, fusing 
at 50° 0., and boiling at 300° C. It dissolves sparingly in water, but easily in 
alcohol, and forms well-crystallised salts, which give, with ferric chloride, a blue 
precipitate, changing to purple oxynaphthylamine, Ci^IIgNO. ^-napJttkylamine 
gives no colour with ferric chloride. 

460. Biamido-bensenes, CgH/NH^).,, ov pJienylene diaminen, being 

disubstituted benzenes, exist in three forms, which are obtainable by the reduction 
of the corresponding dinitro-benzenes. They are diacid bases. 3 Ietaplienylene 
diamine melts at 63° C. and boils at 287° C. ; it gives a yellow colour with nitrous 
acid and is used for the estimation of small quantities of nitrites. Tri-, tetra-, and 
penta-amido-benzenes are also known. 

Flienylene bine, N NH”’ Produced by oxidising a mixture of aniline and 

paraphenylene diamine. It is the typical member of a class of dye-stuffs known 
as indamines and obtained either as above, by the oxidation of a para-diamine 
together with a monamine, or by the action of isonitrosodimethylaniline on 
amines. "When dimethyl-paraphenylene diamine, 03H^(NH2)’N(0H3)3 is oxidised 


in presence of phenol, phenol blue, is produced. This is 

** ^ H 'OH 

typical of the indcpJienol dyes, and yields indophenol itself, , when 

heated with caustic alkalies. 


Diamido-najMialenes Cj,,H3(NH2)2, or naphthylene diamines, corresponding with 
phenylene diamine, are obtained fay the reduction of dinitronaphthalenes. 

461. Diamidodiplienyl or benzidine, NHj'CcHj’CgHj-NHj, is produced by the re- 
duction of the corresponding dinitro-derivative, itself obtained by the direct nitra- 
tion of diphenyl (p. 534) ; it is also formed by the intramolecular change of hydrazo- 
benzene {q.v . ), aproduct of the reduction of azo-benzene, and it is generally prepared 
on a large seme from this source. It crystallises in colourless plates,- melts at 122° C., 
dissolves in hot water and sublimes. Its sulphate, C,„H3(NH3).,.H„SOj, is very 
sparingly soluble. It is the parent substance of many important 'dyes. The two 
NHo groups occupy the para-positions with regard to the link between the phenyl 
groups. 

C H' '""v. 

Carbazole is imidiphenyl, ; it is formed by passing vapour of 

diphenylamine through a red-hot tube (C6H',)„NH=;(C3H4)2NH-Hf„ {cf. diphenyl). 
It is also obtained at the end of the distillation of coal-tar, and'as a secondary 
product in the preparation of aniline. It crystallises in plates (m. p. 238° C. ; 

P- 354° C.), sublimes easily, and dissolves in alcohol and in ether. 

462, Amides. — The amides may be regarded as composed upon the 
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model of by the substitution of a negative or acid radicle for 

hydrogen ; thus, acetamide, ® has the radicle afeetyl, CH3OO 

replacing one-third of the H in NH3. The amides, like the amines 
(p. 638), may be primaiy, secondary, or tertiary, accordingly as one, 
two, or three atoms of H in the NH3 group have been replaced, and 
they may be monamides, diamides, or triamides, accordingly as they are 
formed upon the model of one, two, or three ammonia molecules. 

Amides may be formed from ammonia, in the same manner as amines, 
by the action of the chloride of an acid radicle, when the chlorine removes 
the ammonia-hydrogen, OHjCO'Ol-l- 2NH3 = OH3CO’NH2-{-NB[3lICl,or 
by the action of an ethereal salt, when the hydrogen is exchanged for the 
acid radicle, OH3OO • OO^H^ -f- = OH3CO • NH3 + O^H^- OH. Amides 

may also be formed by dehydrating the ammonium salts of the acids, by 
heat or otherwise, when the ammonia-hydrogen and the OH group of 
the acid will form water, leaving the NH„ group in combination with 
the acid radicle, CH300-0HH3 = CH3G0-HH3-t-Hp. This mode of 
formation explains the characteristic property of the amides to be con- 
verted by hydrolysis (or assimilation of the elements of water) into 
ammonia-salts, OH3CO • NH, + HjO = CH3OO • ONH^. 

Hitrous acid converts the primary amides into the corresponding 
acids, OH3OO • HH„ -t HO • N : 0 = OH3CO ■ OH -)- -t- HOH. Dehydrat- 

ing, agents convert them into nitriles (cyanides) of hydrocarbon radicles — 
CH 3 CO -NHj = CHj- C ! N - 1 - H,0. ' • 


Formamide, HCO'NHj, may be obtained by distilling ammonium formate, or by 
saturating ethyl formate with ammonia and heating to 100°, for two days, in a 
sealed tube. It is a liquid, boiling at 193° C,, part of it being decomposed, 
yielding water, carbonic oxide, ammonia, and hydrocyanic acid — 
aCHCd-NH^) = H..0 CO -l- NH3 -I- HCN. 

Strong potash converts it at once into potassium formate and ammonia. Form- 
amide is also produced by the distillation of ammonium oxalate. 

Methyl formamide, HCO’NHCHj, is obtained by distilling methylamine 
formate. Ethyl formamide is produced by the action of ethylamine on ethyl 
formate. 

Ethylene diforinamide (HCO)„N,,H„(C.,H3)", is formed when ethylene-diamine is 
heated with chloral j N3H,(0„Hj'’-f-'2CCl3CH0 = (HC0)3N'.,H..(C..H3)"-l-2CHCl3. 
It is a liquid, which is decomposed, when heated with acids or alkalies, into 
ethylenediamine and formic acid. 

Acetamide, CHjCO’NH.^, is prepared by the methods mentioned above. Instead 
of ammoniuni acetate, a mixture of ammonium chloride with dry sodium acetate 
may be used in the third method. It crystallises in needles smelling of mice, 
fusing at 82° C. and boiling at 222° C., soluble in water and alcohol, but sparingly 
in ether. It acts as a weak base, forming unstable crystalline salts. Solution of 
acetamide dissolves silver oxide, and deposits silver acetamide, C^HjO'NHAg. 
With mercuric oxide, crystals of mercuric acetamide, (C3H3O •NH)3Hg, are obtained. 
Boiling with water, especially in the presence of acids or alkalies, converts 
acetamide into acetic acid and ammonia. When distilled with powerful dehy- 
drating agents, such as 'B.D. or ZnCl,, it yields acetonitrile, or methyl cyanide, 
CH3-CN. - 

The three chloracetic acids yield corresponding amides — monochloracetamide^ 
CHjClCO'NIL ; dichloracetamide, CHChCO ’NH..; and trichloracetamide,CGlfiO''^'H.^ 
all crystalline solids with high boiling points. 

Ethyl acetamide, CH3CO is a liquid formed when ethylamine acts on 

ethyl acetate. 

pi-acctamide (CH3CO).3NH, is obtained by heating acetamide in hydrochloric 
acid gas ; 2CH3CO‘NH., + HCl=:(CH3CO)..NH-fNH,Cl ; or by acting on acetamide 
with acetyl chloride; CH3C0-NH..-f GH3C0-C1 = (CH3C0)3NH + HC1. It forms 
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crystals soluble in water, and having weak acid properties ; it melts ' at 78° C. and 
boils at 223° C. 

Tri-acetamide, (C2H20)3N, is obtained by heating acetonitrile with acetic anhy- 
dride to 200° C. ; CH3CN-f(C„H30)20 = (C„H30)3N. It may be crystallised from 
ether, and is neither basic nor acid. 

The amides of the higher fatty acids, palmitic, stearic, and oleic, are formed 
when their glyceryl salts, palmitine, stearine, and oleine, are treated with strong 
ammonia. 

Benzamide, CgHjCO’NH,, is precipitated when benzoyl chloride is treated with 
ammonia. It may be crystallized from hot water in plates, which fuse at 130° C., 
and sublime at 290° C. It is soluble in alcohol and ether, and resembles aceta- 
mide in its reactions ; it forms a crystaUine compound with HCl, and its aqueous 
•solution dissolves mercuric oxide, henzomerciiramide, CgHjCO'NHg, being pro- 
duced. 

Glycdlamide, CH2(OH)CO’NHo, is obtained by acting upon ethyl glycolate with 
ammonia. It crystallises in needles, soluble in water, and easily converted by 
alkalies and acids into ammonia and glycollic acid. Glycolamide is also formed by ' 
heating glycolide in ammonia gas — 

2NH3 + iGB.„-C 0 )„ 0 „ = 2CH,.(0H)C0-NH2. 

Glycolamide is metameric with glycocine (amidoacetic acid). 

Lactamide, C„H<(OH)CO'NH2 results from the action of ammonia upon ethyl 
lactate or upon lactide. It forms crystals which may be fused and volatilised 
without decomposition ; it is soluble in water and alcohol. 

462a. Amides from sulphonic acids, std^dionamides, are also possible, thus — 
CgHs' SO2NH2 is henezene suljphonamide. The compound C3H4(C02H)‘’ SO2NH;, 1 ; 2- 
lenzoio suljphonamide, is of some importance as the parent substance of saccharine, 
the sugar-substitute made from toluene. Saccharine is i : z-lenzoic sidjyho-imide, 

By treating toluene with sulphuric acid it yields 0- andp, 

toluene sulphonic acids, C,,Hj(CH3)‘S0.20H ; these are oxidised to the correspond- 
ing benzoic sulphonic acids, CeH,(C02H)‘S020H, which by treatment with PClj 
become the diohlorides, C3H4(C0C1).S02C1. Ammonia converts the i : 4-derivative 
into C,,H^(C0NH2) • SO2NH2, which is insoluble in water, and the i : 2-derivative 
into C3H4CC02Nf[4)’S52NH2, which is soluble ; when an acid is added to the 
solution of the latter, saccharine is precipitated. It is said to be 280 times 
■sweeter than cane-sugar ; it melts at 224° C. It is sparingly soluble in water, but 
readily in alkalies since the H of the NH group is replaceable by metals to form 
soluble salts. 

463. It ispossible to represent the primary amides by two formulBe, 

OH 

and amides corresponding -with these formulre do not, 

however, appear to exist. Many derivatives of the amides exist in both forms ; 
thus, the ethyl acetamide described above is CHjCO'NHCoH^, but the compound 
CHgC(NH)'OC2H5 is also known, and is called acetimidoether. By actinsron aceta- 
mide •with PCI5, acetamido-chloride, CHgCCL'NHo, is obtained ; but this readily loses 
HCl, and passes into acetimido-chloride, CH30(NH)‘C1, a derivative of the second 
general formula given above, Cl having replaced OH. 

Amidines, regarded as derived from either formula, 

although the fact that they are obtained by treatihg the imido-chlorides with 
ammonia (or primary amines) seems to indicate that they are from^ the second 

formula: E-C(NH)-'Cl-bNH2R=R-C{NH)-NHR-(-HCl. The amidoximes 

may be regarded as derived from the amidines ; they are the products of the 
action of hydroxylamines on the cyanides (nitriles) ; thus, hydrogen cyanide and 
hydroxylamine yield isuret {methenyl-amidoxime) isomeric •with urea — 

HCN -1- NHgOH = HC(N- 0 H)-NH 2 . 

464. The dibasic acids give rise to two classes of amides accordingly 
as the hydroxyl in one or both of the carboxyl groups is replaced by 

Those in which only one of the hydroxyl groups is replaced are 
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called amic acids; thus, oxalic acid, COOH'COOH, yields oxamide, 
CONHj’OONHj, and oxamic acid, COOH ’ 001411 ,. The amic acids 
generally result from the dehydration of the acid "ammonium salts, 
or from the action of ammonia on the acid ethereal salts: thus, 
COOH’COONH^ and OOOH’COOO^H^, will yield oxamic acid just as 
ammonium acetate and ethyl acetate yield acetamide (p. 647). 

465. Oxamide, (CONH„)„, is a primary di-amide, which is best prepared by • 
shaking ethyl oxalate with solution of ammonia, when the mixture becomes hot 
and a white crystalline precipitate of oxamide separates; (C00C.^H5)„-f2NH3= 
(C0NH2)2-1-2(H0.C2H5). If an alcoholic solution of ammonia be employed, or 
if ammonia gas be passed into ethyl oxa.late, only half the ethoxyl (OCoH^) is 
replaced by NH„, and ethyl oxamate (oxamethane), COOCjH-.CONH,, is obtained. 
Oxamide is scarcely dissolved by water, alcohol, or ether, and is a perfectly 
neutral body. It may be crystallised in needles from a hot saturated solution of 
calcium chloride. When heated, a part sublimes unchanged. A red-hot tube 
decomposes the vapour, forming hydrocyanic acid and urea, 2(C0NH„;„=HCN + 
C0(NH.9..-t-C0-f COo-lNHj. When boiled with acids, oxamide yields oxalic acid 
and ammonium salts; {C0NH2)„-l-H2S04-t-2H20 = (C00H), + (NHi)„S0j. Boiled 
with alkalies, it yields oxalates and ammonia. 

Oxamide is obtained by the distillation of ammonium oxalate, showing that the 
ammonium salt of a dibasic acid yields a di-amide. Since it contains the elements 
of cyanogen, it is not surprising to meet with oxamide in many reactions of 
cyanogen compounds ; it can be formed by mixing aqueous solutions of hydro- 
cyanic acid., and hydrogen di-oxide ; 2HCN-)- 1X202= 2(C0NH„)2. The reaction of 
aldehyde with solution of cyanogen also produces oxamide ; ancf it is found among 
the products of the action of nitric acid on potassium ferrocyanide. The oxida- 
tion of potassium cyanide with manganese dioxide and dilute sulphuric acid also 
forms oxamide. 

Dimethyl oxamide, (CONHCH3)2, and di-ethyl oxamide, (CONHCsHj),, are formed 
by the action of methylamine and ethylamine on ethyl oxalate. They crystallise 
from hot water. , 

By acting on diethyl oxamide with PCI3, a remarkable tertiary amine has been 
obtained called chloroxalethyline, and having the formula CgHuClN, ; it is an alka- 
line liquid, which boils at 217° C., and when acted on by hydriodic acid and red 
phosphorus, it yields, on distillation with soda, another liquid base, oxalethyline, 
^s^IkiN',, which is poisonous, and produces the same symptoms as atropine, 
notably the dilatation of the pupil of the eye. 

Oxamic add, CONHo’COOH, is prepared by heating ammonium hydrogen 
oxalate till it begins to give off CO2 (see above) . A mixture of oxamide and 
oxamic acid is left, from which water extracts the acid. Ammonium oxamate is 
formed when oxamide is boiled with solution of ammonia; (C0NH2)2 + H20 = 
CONH,’ COONH^. ' On adding HCl, the oxamic acid is obtained as a crystalline 
precipitate, sparingly soluble in water, alcohol and ether, and converted into 
hydrogen ammonium oxalate by boiling with water. It fuses at 173°. and decom- 
poses, yielding oxamide, formic acid, and water. Treated with PCk, it yields 
oximidc (00)2 : NH, a soluble neutral substance. 

406. Succinamide, C2H,,(CONH2)2, is produced by the action of ammonia on 
ethyl succinate. It crystallises in needles, which are sparingly soluble in cold 
water, alcohol and ether. When heated to 200“ C., it yields ammonia and 
succinimide; C2H^(C0NH2),=NH3-i-C._.H/C0)2NH. This body is also formed when 
ammonium succinate is distilled. It is crystalline, and soluble in w'ater and 
alcohol. By mixing the hot alcoholic solution with a little ammonia and silver 
succinimide, C2H^(C0)„NAg, is obtained in crystals. 

The imidee, which contain the group NH (imidogen), exhibit an acid character, 
allowing the H of this group to be replaced by a metal. 

Succinamic acid, C.,Hj(CONH.,)(COOH), is prepared from the barium salt 
obtained by heating succinimide with baryta-water ; 2C„Hj(C0)..NH-rBa(0H).,= 
[C2H,(CONH2)(COOj]2Ba. - ^ - 

467- Carhamide, or urea, C0(NH,)2, is the diamide of cai’bonic acid 
CO(OH)^„ and is produced when ammonia acts upon ethyl carbonate at 
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,180° 0.— 00(00„H5)2+-2NH3 = 00(NH„),+ 2HOO,H.; also when am- 
monia acts on carbonyl chloride (phosgene) — 

COClo 4NH3 = C 0 (NH„), + 2 NH^C 1 . 

Osamide may be converted into nrea by heating it with mercuric 
oxide ; (CONH^., + HgO = C 0 (lSrH,), -f- Hg -f CO^. But the best pro- 
cess for preparing it is to heat a solution of ammonium isocyanate, 
hlH^’ISrCO, which is metameric with urea. CO ;]Nr']SrH^ = C 0 (NH,),. 
(See below.) 

Urea is the chief form in which the nitrogen of the effete tissues is 
excreted from the human organism, and it is present in urine to the 
amount of about 1.4 per cefft. by weight. To extract it, the urine is 
filtered to separate mucus, evaporated to about an eighth of its bulk, 
cooled and mixed with about an equal volume of strong nitric acid, 
which must be quite colourless, showing it to be free from nitrous acid, 
which would decompose the urea ; the latter is precipitated in pearly 
scales of urea nitrate, which is nearly insoluble in nitric acid, and 
sparingly soluble in water. This is collected on a filter, washed "with 
ice-cold water till the washings are but slightly coloured, dissolved -in 
boiling water, and mixed Avith precipitated BaCO,, rubbed to a cream 
Avith water, as long as a fresh addition of the carbonate causes effer) 
vescence — 

alNjH.CO.HNOa) BaCOj = CO, -f aNjH^CO -f H^O -f- Ba(NO)„. 

After filtering from the excess of BaCOj, the liquid is evaporated on a 
steam-bath, when a mixture of urea and barium nitrate is obtained, from 
Avhich the urea may be extracted by strong alcohol, and crystallised bj' 
evaporation. 

Artificial urea . — The prepax'ation of urea AAuthout having recourse to 
urine attracted much attention as one of the earliest examples of the 
artificial formation of an animal product from mineral sources. The 
original process (Liebig and Wohler) Avas the following: — 56 parts of 
AV'ell-dried potassium ferrocyanide are mixed Avith 28 parts of dried 
manganese dioxide, the mixture heated to dull redness in an iron dish, 
and stirred until it ceases to smoulder. The cool residue is treated 
with cold Avater, filtered, and the solution (of potassium (iso)cyanate) 
decomposed Avith 41 parts of crystallised ammonium sulphate. It is 
then evaporated to dryness on a steam-bath, and treated Avith strong 
.alcohol to extract the urea. As a class experiment, a strong solution 
of potassium isocyanate may be mixed with an equal volume of a 
strong solution of ammonium sulphate, and divided into two parts, 
one of AA'hich is boiled for a minute, and cooled. If both portions be 
now stirred Avith strong (colourless) nitric acid, the first will simply 
eftervesce violently, but the second will deposit abundant crystals of 
urea nitrate. 

Urea crystallises in long prisms resembling nitre, which dissolve in 
an equal weight of cold water, and in five parts of cold alcohol ; it 
is almost insoluble in ether. When heated, urea fuses at 130° 0 ., and 
evoh-es much ammonia and some ammonium cyanate. If kept for 
some time at 150° 0., the bulk of it is converted into biuret, produced 
from two molecules of urea by the loss of one molecule of ammonia ; 
2C0(KII,), = UIl3 + NH(C0NH,)2. "^ben the temperature is raised 
to 170° C., the biuret again evolves ammonia, and is converted into 
cyanuric acid ; 3]S'H(00UH,)„ = 3UH3 -f 2(CN0H)3. 
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Urea is not alkaline, but, like many amides, it is a weak base, and, 
tbough a di-amide, forms salts like a monacid base ; these are acid to 
litmus. The nitrate and oxalate are best known because they are 
sparingly soluble, and are obtained as crystalline precipitates when 
nitric and oxalic acids are stirred with solution of urea. The nitrate,- 
when heated, evolves a very pungent smell, and is decomposed, with 
almost explosive molence, at 150° 0. Orea oxalate crystallises with 
2Aq; (N,U^00),.II,C20^.2Aq. TJrea hydrochloride, NjH^OO.HCl, is 
formed, with evolution of heat, when HCl gas acts on dry urea; it 
solidifies to a crystalline deliquescent mass, which is decomposed by 
water. 

Urea, like many other amides, forms compounds with the oxides of silver and 
mercury. The compound NoHjC0.3Ag20 is obtained as a grey crystalline powder 
when silver oxide is digested in solution of urea. When mercuric oxide is treated 
in the same way, the compound NjH^CO.HgO is formed; on adding mercuric 
chloride to a solution of urea mixed with potash, a white precipitate of 
2N„HjC0.3Hg0 is obtained, but if mercuric nitrate be employed, the precipitate 
is ISToHjCO.aHgO. The formation of the last compound is the basis of Liebig’s 
method for the determination of urea. 

Urea also forms compounds with certain salts ; the compound NoHjCO.NaCl. Aq 
-is obtained in crystals when urine is evaporated to a small bulk. When strong 
solutions of urea and AgNO^ are mixed, crystals of N„HjCO.AgNOa are deposited. 
By mixing dilute solutions of urea and mercuric nitrate, a precipitate is formed 
having the formula N„H,C0(Hg0)„HN03. 

Urea, being the di-amide of carbonic acid, would be expected to yield ammonia 
'and carbonic acid when boiled with acids or alkalies. On boiling solution of urea 
with potash, (NH„)„C0-i-2K0H = 2NH3-i-(K0)„C0 ; but the action is slow in weak 
solutions. 

When urea is heated with strong sulphuric acid, (NHobCO-t-HjO-f-aHjSO^r: 
C 0 j-f 2 NH^HSOj. Even on boiling solution of urea in water, it is slowly con- 
verted into ammonium carbonate, and the change takes place quickly when urea 
is heated with a little water to 230“ C., in a sealed tube ; (NH„)CO,-f 211.30 = 
(NH,)jCOj. Urea undergoes the same transformation into ammonium carbonate 
when urine is allowed to putrefy. 

Nitrous acid acts upon urea, as upon the amides generally, converting the 
NH„ into OH, and liberating N, but the (HO)„CO which is formed is at once 
decomposed into H „0 and CO,; (NH„).,C0-!-2HN0.3 = N4-i-C0„-f3H„0._ Hypo- 
chlorites and hypobromites (prepared by dissolving bromine in alkalies) also 
expel all the nitrogen as gas-^ 

(^^.2)29® + SNaOBr + aNaOH = N„ -f- 3 H „0 + Na2C03 + 3NaBr. 

This method is sometimes adopted for determining urea by measuring the nitro- 
gen gas. The nitrogen is also liberated when urea is boiled with potash and 
a large excess of potassium permanganate, whereas, in most other amides, the 
bulk of the nitrogen is oxidised to nitric acid. When chlorine is passed into 
fused urea, hydrochloric acid and nitrogen are evolved, and the residue is a 
mixture of cyanuric acid with ammonium chloride — 

_ 3 N„H^C 0 -t- CI3 = HCl -t- N + (CN) 3 (H 0)3 -f 2 NH, 91 . 

_ By boiling solution of urea -with AgNOj, a crystalline precipitate of silver 
isocyanate is obtained ; N„H,CO -f AgN03=NHjN03-)- AgNCO. 

Urea has been formed by passing NH3 and CO, together through a red-hot 
tube ; and by passing a mixture of benzene-vapour, ammonia, and air over red- 
hot platinum wire. 

Biuret^ or allophanamide, NH(CONH,)„ is obtained by heating urea to 150° C as 
long as it evolves ammonia freely, extracting the residue with cold water, which 
leaves most of the cyanuric acid undissolved, precipitating the rest by lead 
acetate, removing the lead by H„S, and evaporating the filtered solution, when 
the biuret crystallises with one molecule of wmter. It is soluble in alcohol. Its 
aqueous solution, rendered alkaline by potash, gives a fine violet colour with 
cupric sulphate. When heated in HCl gas, biuret is converted into guanidine 
hydrochloride; NH(CONH„)„ + HCl = CO,-r C(NH)(NH„)„.HC 1 . Biuret is also 
obtained by heating ethyl allophanate with NHj. 
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Allophanic add has not been obtained ; when liberated from its salts, it decom- 
poses into CO„ and urea ; NH„C0'NH*C00H=C0(NH;)„-fC02. 

Etlnjl alhphanate, NHjCO'NH’COOC.Hj, is formed when urea is acted on by 
ethvb chlorocarbonate ("prepared by sa'turating alcohol with carbonyl chloride) ; 
C 0 (NH.,)., + C0Cl-00,,H3=NH„C0-NH-C00G2Hj-f-HCl. It ciystallises in prisms 
soluble in water and alcohol. 

, The hydrogen in urea, like that in ammonia, admits of replacement by positive 
or negative radicles, forming so-CB\\edi compound ureas. Those containing positive 
radicles, such as methyl carbamide, CO(NH„)(NHCH3), and dimethyl carbamide, 
C0(NHCH3),, are derived from the isocyanates of the amines, just as urea is 
derived from the isocyanate of ammonia. Acetyl carbamide, or acetyl urea, 
C0(NH„)(NHC„H30), is a crystalline substance obtained by the action of acetyl 
chloride upon urea ; it is not basic. Di-acetyl carbamideistoTmed when acetamide 
is heated to 50° C. with carbonyl chloride ; aNH.DjHjO + COCl„ = C0(NH0„H30)2-[- 
2HCI. The compound ureas which contain acid’ radicles in place of hydrogen are 
also' called ureides. 

46S. Thiocarbamide or sulpho-ureu, CS(NH,)„, is the amide of thiocarbonic acid 
CS(OH)„. It is obtained from ammonium (iso)thiocyanate CS:N‘NH^, just as 
urea is obtained from the isocyanate. It crystallises easily from hot water, and 
resembles urea in its chemical reactions ; it melts at 169° C. PbO abstracts 
sulphur from it, converting it into cyanamide (2-v.) 

469. Garbamic acid, CO(NH„)OII, has not been obtained in the free 
state, ' but ammonium carbamate is formed when ammonia combines 
with carbonic acid gas j 2NII3 -h 00 , = C0(Nfi2)0NH^. The ammonium 
salt is best prepared by saturating absolute alcohol with dry ammonia 
gas,' and passing dry CO^ into the solution, when the ammonium carba- 
mate crystallises out. It is soluble in water, and is converted into 
ammonium carbonate by boiling the solution.; 

CO(NH.,)-ONH, + HsO = CO(ONH^),.. 

Ammonium carbamate sublimes and dissociates below 100° 0 ., and 
when heated, in a sealed tube, to 135° C., yields urea and ammonium 
carbonate ; 2 CO(N H^) • ONH, = C0(NH,)2 + CO{Om\),. 

When ammonium cai'bonate is distilled, part of it is convei'ted 
into the carbamate; C0(0NH,)3 = C0-3SrH,(0NH,)-|-H30. This ac- 
counts for the presence of ammonium cai’bamate in the commei'cial 
carbonate (p. 323). 

Ethyl carbamate, or urethane, C0(NH2)0CjH5, is formed by the action of solution 
of ammonia upon ethyl carbonate at 160'’ C" — 

CO(OC2H5)2 -t- NH3 = CO(NH2)00„H5 HO-aii^. 

It forms tabular crystals, soluble in water, alcohol, and ether, distilling without 
decomposition. Boiled with potash, it yields the carbonate, alcohol, and ammonia ; 
C0(Nig0aH5-^2K0H = C0(0K)„-fNH3-)-H0-aH3. Heated with ammonia, it 
gives alcohol and urea ; COlNaiOOeH^-f-NH, = CO(NH„)2 + HO-C„H3. 

Thiocarhamic acid, CS(NH,)SH, is obtained as an ammonium salt 
by acting on cai’bon disulphide with ammonia in alcoholic solution ; 
2NH3-f 0S2 = 0S(NH„)SNH^, the reaction corresponding with that 
between NHj and CO,. The ammonium thiocarbamate crystallises in 
yellow prisms. When decomposed by HCl, it yields thiocarhamic acid 
as a yellow unstable crystalline body, which decomposes spontaneously ; 
CS(NH,)SH = H,S + HSON (thiocyanic acid), 

Carbanilide, or diphenyl urea, (NHCeH,).,CO, is prepared by heating urea with 
aniline; (HH„),.C0-f2NH„C,H3=(NHCeH;)..C0 + 2NH3. It is slightly soluble in 
water, more soluble in alcohol, and may be sublimed. Carbanilide is also formed 
when aniline is acted on by carbonyl chloride. 

Thiocarbanilide, or diphenyl sidphurea, is formed when aniline is heated with 
carbon -disulphide ; aNIHCgH-.-f CS, = CSlNHC^H^h-t-HoS. It forms colourless 
crystals, insoluble in water, soluble in alcohol and ether." 
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470. Guanidines— compouuds, whicli are of much importance 
on account of their physiological significance, are amidines (p. 648) of 
carbonic acid. Guanidine itself, the parent substance, is also caUed 
imido-urea, since it may be regarded as containing an imido-group in 
tlie place of the oxygen of ureaj thus, 00(hill2)2> ] C)(NII)(NB[2)2 

<Tuanidine. The guanidines can be prepared synthetically by heating 
the hydrochloride of an amine with cyanamide dissolved in alcohol — 
a<7., 0N-NH„ + ]srH3,HCl = 0(NH)(NH,) 

Gimiidine, or carlon-diamide-imide, C(iNH)(]NH,),, was so called 
because originally obtained by the oxidising action of ILCIO3 and HCl 
on guanine, a feeble base extracted from guano. It is prepared by 
heating ammonium thiocyanate in a retort at ipo C. for several hours. 
A portion of the thiocyanate becomes thiocarbamide, which then reacts 
with the remaining ammonium thiocyanate yielding guanidine thio- 
cyanate; 0S(NH3)3 + NH3,0NSH = C(NH)(NH4,0NSH-|-H3S. This 
is dissolved in a little water, mixed with half its weight of potas- 
sium carbonate, and evaporated to dryness, when a mixture of guanidine 
carbonate and potassium thiocyanate is obtained. This is boiled with 
alcohol, which dissolves the thiocyanate, and leaves guanidine carbonate, 
(11311.0)2.11,003, which may be recrystallised from water. This is 
converted into guanidine sidphhte, (N3H30)2.H2S0^, and decomposed by 
baryta-water ; the filtrate from the BaSO^ is evaporated over sulphuric 
acid, when guanidine is obtained as a deliquescent crystalline substance, 
which is strongly alkaline, and absorbs OOj from the air. It is a strong 
monacid base, and yields well-crystallised salts. 

Guanidine nitrate, N3H5O.IINO3, like ui'ea nitrate, is sparingly soluble 
in water, and crystallises in plates. Guanidine is soluble in alcohol. 
Its platinum salt, (lSr3H.0.H01),Pt01^, is sparingly dissolved by absolute 
alcohol. When heated with baryta^water, guanidine undergoes hydro- 
lysis, yielding urea and ammonia ; 0(NIl2)3NH -}- HgO = (NII,)200 H- NII3. 
Heated with strong potash, it gives potassium carbonate and" ammonia ; 
C(NH,)2(NH)"-i-2K0H + H ,0 = 0 ( 0 K )„0 + 3NH3. Dilute sulphuric 
acid, when heated, converts it into ammonia and urea, which combine 
with the acid. 

Guanidine hydriodide is obtained when cyanogen iodide is heated 
with alcoholic ammonia in a sealed tube at 100° 0. ; 

I-CN + 2NH3 = C(NH)(NH2)„.HI. 

_ Nitroguanidine, C(NH)(NH„)(NHNO„) is obtained by nitrating guanidine, and 
yields ainicZo-r;waniA'7ie C(NH)(NH2)(NHNH,) when reduced. This compound is 
of interest as yielding hydrazine, NH3 and C0„ when hydrolysed. Hydrazoic 
acid (p. 161), may also be obtained from it by first treating it with nitrous acid 
to form diazo-guanidine, C(NH)(NH,)(N'HN : N'OH), and hydrolysihg this. 

Dijdienyl guanidine, or melaniline, C(NH'C|;H5),NH, is a crystalline base pro- 
duced by the action of cyanogen chloride on aniline — 

01-CN -h 2NH„C„H3 = C(NH-C3H3)„NH.HC1. 

' 47 ^* Amido-Acids. — These can be prepared from the chloro-sub- 

stituted acids by treatment with ammonia ; thus amido-acetic acid 
results from the action of ammonia on monochloracetic acid 
C 1 I„C 1 ; 00,11 -h 2NH3 = 0H2(NH3)-C02H + NH3-H01; also by the 
reduction of tlie nitro-acids by nascent hydrogen — , 

CH„(N03)-C0,H + H3 = CH„(NH.0-CO„H + 2H„0. 

They are metameric with the amides, but are distinguished by them 
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greater stability towards hydrolysing agents, the auiido-group being 
more firmly held and less easily evolved as NHj. Nitrous acid replaces 
the NH, group by an OH group, as in the case of the amines and amides, 
a hydroxy-acid resulting — 

CHo(NH„)CO„H 4- NO- OH = CH„(0H)C02H + N., + HOH. 


There is, however, a much greater tendency for the amido-acids to 
undergo the diazo-reaction (p. i6o), than is the case with amines and ' 
amides of the open-chain series. • . 

472. Aviidoformic add, NH^-CO^H, is identical with carbamic acid. 

Glycocoll, glycocine, or glycine, is amido-acetic acid, CH2(NH,)C02H, 
and is prepared by heating hippuric acid (benzoyl amido-acetic) for half 
an hour with 4 parts of strong HOI, which converts it into benzoic acid 
and glycocine hydrochloride — 

CH„(NHC,H5C0)-C0„H + HCl + H„0 = C,H.CO„H + CH.,(NH„)C02H.HC1. 

* Sippuric acid. Benzoic acid. Glpcocine hydrochloride. 

The solution is mixed with water and cooled, when most of the benzoic 
acid crystallises out ; the filtrate is evaporated to dryness on a steam- 
bath, the glycocine hydrochloride extracted by water, boiled with lead 
hydroxide, filtered from the lead oxychloride, the dissolved lead precipi- 
tated by Ha^r filtrate evaporated, when it deposits the glycocine 

in transparent rhombic prisms, easily soluble in water, sparingly in 
alcohol, and insoluble in ether. Glycocoll has a sweet taste, fuses at 
232° C., evolving ammonia and methylamine. Its solution gives a red 
•colour with ferric chloride, and a blue with cupric sulphate; if this 
blue solution be mixed with potash and alcohol, it deposits blue needles, 
of the formula (NH3'OH2'COj)2Cu.Aq. A sparingly soluble silver salt, 
NH2*0H2'002Ag, may also be obtained, but these compounds do not 
behave like ordinary salts of the metals. Like other amido-acids, 
glycocine plays the part of a base and an acid. It forms hydrochlorides 
containing, respectively, one and two molecules of glycocine, and the 
latter forms a crystalline platinum salt. Crystalline compounds of 
glycocine with salts are also kno'wn. 

When heated with Ba(OH)2, it yields methylamine and barium 
carbonate ; NH,’ OH2’ OO2H 4 - Ba(OH)2 = NH„' OH^ + BaCOg + H, 0 . 

Glycocoll can also be prepared by heating bromacetic acid with 
ammonia, and by passing cyanogen into a boiling saturated, aqueous 
solution of hydriodic acid — 


C„N„ + 2 H 2 O-J-SHI = CH„(NH2)-C02H -f NH,I +■ I,. 


Both methods aflbid a means of synthesising glycocoll, which derives 
its name from the fact that it maybe obtained by boiling glue (or 
gelatine) with dilute sulphuric acid [sugar of gelatine ; jXvkvs, siueet ; 
KoWa, glue). 

Brom the behaviour of the metallic and other derivatives of glycocoll, 
it appears probable that the constitution of this (and of other) amido- 
acids is not that represented, but partakes of the nature of an intra- 


molecular ammonia salt — 


CO 


Sarcosinc, or methyl (jlycocoU, CH2(NHCH3)-C0„Hi may be obtained by beating 
bromacetic acid with methylamine (in place of ammonia, which yields glycocine). 
It is also formed when the creatine extracted from flesh is boiled .with baryta. 
Caffeine yields it under similar treatment. Sarcosine forms prismatic crystals, 
very soluble in water and of sweet taste. It is sparingly soluble in alcohol, 
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insoluble in ether, and may he suhllmed. Its reaction is neutral, hut it combines 
"" RefaTat ofJSajlglycocoU, CHiN(CH 3 ),]-CO,CH 3 , or more probably- 

is found in the juice oE beet-root (Beta vidtjarh), and may be formed synthetically 
bv the action of trimethylamine on chloracetic acid— 

^ GHoOl-COjH 4- NCGHJj = CH„[N(CH3h]-CO„CH, + HCl. 

Betaine hydrochloride is also obtained by the careful oxidation of choline 

hydrochW^-^^^ (CH3)3-C1 + 03 = CO,CH3,HCl. + HD. 

Betaine is soluble in vfater and alcohol, and forms salts with the acids. 

473. Hippuric acid, or hentioylglycocoll, or hmzamidoaalic acid, 
0H;,(NH0eH500)-G0,H, is prepared from the urine of horses or cows 
(preWably the latter)” by evaporating it to about an eighth of its bulk 
and adding an excess of hydrochloric acid. On standing, long prisms 
of hippuric acid are deposited, which may be decolorised by dissolving 
in boiling water and adding a little chlorine-water, when the colourless 
acid will crystallise out on cooling. If the animal has undergone much 
exercise, or the urine has decomposed, benzoic acid is obtained instead 
of hippuric, and if a dose of benzoic acid be taken, it will be found as 
hippuric acid in human urine, which contains naturally but a minute 
proportion. 

It may be synthesised by heating benzoyl chloride with silver 
glycocoll — 

CH3(NH3)-C0„Ag + CeHjCOCl = CH„(NHC,H3C0)*C0.,H + AgCl ; 
or benzamide with chloracetic acid — 

CH^Cl'OOjH + CeHjCO-NHj = CH,(NHC3H3C0)-C0,H -f- HCl. 

Hippuric acid crystallises in rhombic prisms, sparingly soluble in cold 
water, soluble in hot water and in alcohol, but insoluble in ether, which 
distinguishes it from benzoic acid. Like benzoic, it dissolves easily in 
ammonia, and is precipitated, in feathery crystals, by hydrochloric acid ; 
but these are not dissolved on adding ether. 

The more complex character of hippuric acid is shown by the action 
of heat; for, whereas benzoic acid sublimes without decomposition, 
hippuric assumes a red colour, gives a small sublimate of benzoic acid, 
and evolves hydrocyanic acid, henzarrtide, CgHjCO-lSrH,, and henzonitrile, 
or yhcnyl cyanide, CgHs'CISr, which smells of bitter almonds. 

The Jdpjmrates resemble the benzoates ; in solution, they give a buff 
precipitate with ferric chloride. 

474. Glycocoll may be regarded as the parent substance of two 
physiologically important compounds, creatine and cveatinine. 

When solutions of cyanamide and glycocoll are mixed, ghicociiamine, or 
guamdoacetxc ucrf, is formed. If glycocoll re- 

ga ded as an amine, NH 3 (CH„'CO„H), then the formation of glycocyamine is only 
® method for producing guanidines (p. 653 ). When 

NH;C<Ng=.c„_.oo.H - + H,0. 

and f,c,„ 


a-eaUninc, are obtainable : — 
Creatine, 


■K{CH 3 ) • CH,,- CO..H ; Creatinine. NH : C 


N(CH3)-CH„. 
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Creatine, or melhylglycocyamine {Kpias, flesh), O^HoNjO,, is obtained 
from chopped flesh by soaking it in cold water, squeezing it in a cloth, 
heating the liquid till the albumin coagulates, straining, adding baryta 
to precipitate phosphoric acid, and evaporating the filtrate to a syrup 
oh the steam-bath ; on standing for some hours, the creatine crystallises 
out. It may also be prepared from Liebig's extract of meat by 
dissolving it in 20 parts of water, adding tribasie lead acetate, filtering, 
removing the excess of lead by HjS, and evaporating to crystallisation. 
Granular crystals of creatine are sometimes met with in Liebig’s 
extract. The flesh of fowls yields 0.32 per cent, of creatine, that of 
cod-fish 0.17, beef 0.07 per cent. 

Creatine forms prismatic crystals easily soluble in hot water, but very 
sparingly in alcohol and ether. The crystals are C^HgNjOj.Aq. 
Creatine is neutral in reaction, but plays the part of a weak mouacid 
base. Creatine nitrate, C^HgNjOg.HNOj, crystallises in prisms. When 
the solutions of its salts are heated above 30° C., they are converted 
into salts of creatinine, a stronger base containing and 0 less than 
creatine. "Vivien boiled with baryta water, creatine undergoes hydrolysis 
and yields sarcosine and urea — 


NH 




-NH, .HO - 4. “H(CH.) 

.N(CH3)-CH.,-C0„H ~ + CHrCOjH. 

Creatine has been prepared synthetically by heating cyanamide with an 
alcoholic solution of sarcosine (v.s.). When_ creatine is warmed with solution 
of sodium hypobromite, two-thirds of its nitrogen is liberated. By heating 
creatine in aqueous solution with mercuric oxide, it is converted into oxalic acid 
and methyl-guanidine, C(NH)(NH.j)(NHCH3) — 

CjHgNjOj -b O3 = (CO„H)„ + C„H,N3 


Creatinine, or methylglycocyamidine, C^H^NgO, is prepared by heating 
creatine in a water-bath and passing a current of pure HCl over it as 
long as any water is formed. The hydrochloride thus obtained 
is dissolved in water, decomposed by lead hydroxide, the solution 
filtered and slowly evaporated, when it deposits prismatic crystals of 
C^H-NgO.zAq, which lose water on exposure to air, becoming opaque. 
If it be dissolved in cold water, and evaporated in vacuo, the original 
hydrated crystals are reproduced, but if it be dissolved in boiling water 
and the solution evaporated, it deposits tabular crystals which contain 
no water. The solution of these crystals when kept for some time at 
60° 0. deposits the prismatic hydrated creatinine. 

Creatinine is much more soluble in water than creatine is, requhlng 
about 12 parts of cold water. It dissolves in about 100 parts of cold 
alcohol. It has an alkaline reaction, and is a strong monacid base. It 
is characterised by forming a sparingly soluble crystalline compound 
with zinc chloride, (C^HjN30),ZnCL. In contact with water, especially 
in presence of bases, creatinine is converted into creatine by hydration. 

When creatinine is boiled with baryta-water, it yields ammonia and methyl- 
hydantoin; C4H.N30-bH20=NH3-t-CjH<;'N20,. This compound is the methylated 


derivative of hydantoin, or glycolyl-vrea, ’ and it is eventually 

decomposed into sarcosine, CO^ and NHj. 

Creatinine does not appear to exist as such in flesh, though it is easily pro- 
duced from it by the dehydration of the creatine. A substance having the same 
composition as creatinine exists in considerable quantity in urine (about two 
grammes in the urine of twenty-four hours), but its properties are not quite the 
same as those of the creatinine prepared from the creatine of flesh. In order to 
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prepare urinary creatinine, tiie urine is mixed with one-twentieth of its volume 
of a cold saturated solution of sodium acetate, and with one-fourth of its volume 
of a cold saturated solution of mercuric chloride ; this produces an amorphous 
precipitate which is quickly filtered off, and the filtrate is set aside for forty-eight 
hours, when it deposits a granular precipitate, appearing in spheres under the 
microscope. The composition of this precipitate when dried over sulphuric acid 
is 4(C,H,N,O.HCl.HgO).3HgCl,. This precipitate is suspended in cold water, and 
decomposed by H^S, the mercuric sulphide is filtered off, and the acid filtrate 
evaporated over sulphuric acid, when it leaves crystals of the hydrochlonde, 
C.H N,O.HCL The concentrated aqueous solution of this salt is deconaposed, in 
the cold, with lead hydrate, when an alkaline filtrate is obtained, which has a 
bitter taste, and, by spontaneous evaporation, yields prismatic crystals of 
C^HjNjO.aHjO, which rapidly become opaque and anhydrous when exposed to 
air. If heat be employed during the preparation of the body, tabular crystals of 
C^HjNjO are obtained, which are unchanged by exposure to air. 

The urinary creatinine requires 362 parts of cold alcohol to dissolve it, while 
flesh-creatinine requires only 102 parts. The platinum-salt of the former is 
2(04H,N30.HCl).PtCl4.2H20, whereas that of the flesh-creatinine is anhydrous. 
Urinary creatinine is a more powerful reducing agent than that prepared from 
flesh-creatine ; on adding mercuric chloride and excess of potash, it gives a 
precipitate which is yellowish-white at first, but rapidly becomes black from 
reduction of mercury. Both creatinines reduce alkaline copper solution, but 4 
molecular weights of the urinary creatinine are equal in reducing power to 5 of 
the flesh-creatinine. When the urinary creatinine is boiled with much water for 
some time, it is converted into creatine, but if this be converted into creatinine 
hydrochloride by heating in HCl gas, the salt crystallises from a cold aqueous 
solution in efflorescent crystals, while the hydrochloride of urinary creatinine 
is always anhydrous. Moreover, the gold- salt of the natural creatinine, 
04H,N30.H01.Au0l3, is unchanged by ether, which decomposes the gold-salt of the 
artificial base, dissolving the auric chloride and leaving creatinine hydrochloride. 

475. Propionic acid can give rise to two substituted acids (c/. p. 580), conse- 
quently there are two amidchj)rqpion{c acids. The a-acid is called alanine, 

CH3-CH(NHj)-COjH, 

prepared by the action of ammonia in ci-chloropropionic acid. It dissolves in 
water and becomes ethylidene lactic acid when treated with nitrous acid. 
alanine, which occurs in the pancreas of the ox is a-amido-isovaleric acid, 

(CH,); ; GH • CHINH.) • CO„H. 

476. Leucine, oTa-amido-caproic acid, CH3-i0H3]3-0H(NH2)’C03H, is 
prepared by boiling horn shavings (one part) with sulphuric acid 
(2 1 parts) and water (6J parts) in a reflux apparatus, for twenty-four 
hours'. The hot liquid is neutralised by lime, filtered, and evaporated 
to about one-third ; it is then carefully neutralised with sulphuric acid 
and evaporated till crystals of leucine (and tyrosine) are deposited on 
cooling 5 it is recrystallised from water, when the tyrosine crystallises 
first. 

Several other animal substances yield leucine and tyrosine when 
boiled mth dilute sulphuric acid, or fused with potash. The elastine com- 
posing the cervical ligament of the ox yields more than horn. Leucine 
also occurs extensively in animals and vegetables. It is found in the 
liver, s^een, lungs, and pancreas ; also in caterpillars and spiders ; in 
the white sprouts of vetch, in yeast, and in putrefying cheese. 

Leucine crystallises in pearly scales, moderately soluble in water, 
slight^ in alcohol, and insoluble in ether. It fuses at 170°, and may 

decomposes, yielding amylamine ; 
^sHio(NHj) COjH-lsHj-OjHjj-i-CO,. Its reaction is neutral, but it 
forms compounds both with acids and bases. Hydriodic acid converts 
it into caproic acid and ammonia 

C3H,„(NH„)-COjH + 2HI = CjHjj-COjH -b NH^ + I„. 
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With nitrous acid it yields Uucic or hydroxy -caproic acid — 

C 5 H,„(NH,)- 00 ,H + HNO, = C 5 H,„( 0 H)-C 0 „H + + H^O. 

Leucine is obtained synthetically from ammonia and bromocaproic 
acid ; NH3 + C^Hj^Br • CO^H = 0 ,H„(ra,) • CO^H + HBr ; also by the 
reaction between valeraldehy de-ammonia, HObTjHOl and H^O. 

OsHioO-NH, + HON + HOI + H„0 = 0,H,„(NH„) • OO^H + NHj-HCl. 

It contains an asymmetric carbon atom and exists in three stereo- 
isomeric forms (p. 586). 

Tyrosine (rvpbs, cheese) or hydroxy -phenyl-amido-propionic acid — 

OHjCOjHpH) • OH(NH„) • 00„H, 

is obtained, together with leucine, when albuminoid or gelatinoid bodies 
are boiled with dilute sulphuric acid or fused with potash. It crystal- 
lises in needles which are sparingly soluble, even in hot water, sparingly 
soluble in alcohol, and insoluble in ether. Like leucine, it behaves both 
as a weak acid and a weak base. When its aqueous solution is boiled 
with mercuric nitrate it gives a yellow precipitate which becomes red when 
boiled with nitric acid containing nitrous acid. Acted on by chlorine, 
\ tyrosine yields chloranil, OgOl^Oj, and when fused ^vith potash it yields 
ammonia and the (para)hydroxy-benzoate and acetate of potassium — 
C 6 H, 0 H-C 3 H,NH/C 0 ,H -f 2 KOH = NH 3 + 0,H^0H-C0„E: + CHg-COjK + H,,. 

477. Amido-succinamic acid, C2H3NH„(CO‘NH2){CO'OH), ot asparagine, is found 
in the shoots of asparagus and of other plants grown in the dark. It is of very 
frequent occurrence in plants, being found in marsh-mallow, vetches, peas, 
beans, mangold- wurzel, lettuces, potatoes, chestnuts, and dahlia roots. • It may 
be extracted from the expressed juices of the plants by boiling to coagulate the 
albumin, filtering, and evaporating to a syrup, when the asparagine crystallises, 
on standing, in rhombic prisms containing HjO, which may be recrystallised from 
boiling water. It is nearly insoluble in alcohol and ether. It is capable of 
acting as a weak acid and a weak base. In contact with ferments, asparagine is 
converted into ammonium succinate. When acted on by nitrous acid, asparagine 
is converted into malic acid — 

CjHjNHjCCO • NHjjCCO • OH) -I- 2HN0„= aHjOHCCO • OH)(CO • OH) -f N^ -b 2H„0. 
From this reaction it was formerly inferred that asparagine was the amide of 
malic acid, vdth which, however, it is only isomeric. Ordinary asparagine is 
Isevo-rotatory, but an isomeride has been found in the mother-liquor from crude 
asparagine, which is dextro-rotatory to the same extent, and is much sweeter 
than ordinary asparagine. A solution of the two in equal proportions is 
inactive, but the asparagines are deposited from it in crystals, which are, respec- 
tively, right- and left-handed. The isomeric derivatives from each kind retain 
the optical properties of their source. When asparagine is boiled with acids or 
alkalies, it is converted into amidosuccinic or aspartic acid — 

CjHjNH^CCO-NHpCCO-OH) -f 11,0 = C„H 3 NH„(C 0 - 0 H)(C 0 - 0 H) + NH 3 . 
Aspartic acid is sparingly soluble in cold water and alcohol, but may be crystal- 
lised from hot water. Nitrous acid substitutes OH for the NHj in aspartic acid, 
converting it into malic acid. Aspartic acid is found in the molasses from beet- 
root juice, and occurs among the products of the action of sulphuric acid and of 
zinc chloride upon albuminous substances. 

47S. A 7 nidol)enzoic acids, Of these the i: 2-acid or a 7 ithranilic 

acid is of importance as being an oxidation product of indigo It is prepared by 
reducing i : 2-nitrobenzoic acid ; it sublimes in needles, melts at 144° 0 and 
dissolves in hot water. It is distinguished from its isomerides by forming an 

intramolecular anhydride, anthranil, p. 595). 

Amidopitenylaceiic acids, CgHINH^l’CHo'COjH, are obtained by reducing the 
corresponding nitro-acids. The i : 2-acid is characterised by the fact that it 
rapidly loses water and yields a lactam called oxindol. The lactams are internal 
anhydrides formed from the amido-acids by loss of the oxygen (and hydrogen) of 
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the OH group of the carhonyl, and one hydrogen from the group ; thus 
yields C,H,<^gg->CO (fixindol). When the amido-acid 

is a k^nic acid, it forms a lactim by losing oxygen from the CO group of the 
carboxyl and two hydrogen atoms from the amido group ; thus, i : 2-amidoplienyl- 

^lyoxylk acid or isatinic acid, yields the lactim, isatin, 


470 Amidosulphonic acids also exist. Taurine, or amido-eihyl-sul- 
phonic acid, 0_,H,(NH,)S03H,is prepared by boiling ox-gall with dHute 
HOI, evaporating to dryness on the steam-batb, and treating tne 
Tesidue with absolute alcohol, which leaves the ta^ine undissolved. 
This is dissolved in water, from which it crystallises in large four- 
sided prisms sparingly soluble in cold water, and insoluble in alcohol 
and ether. It fuses at 240° 0 . and is decomposed. It has no acid 
reaction, but it forms salts with bases. When fused with KOH, it 
yields the acetate and sulphite of potassium — 

02H,(NH3)-S03H + 3KOH = CH3-C00K -f- K3SO3 + NH3 + H „0 + H„. 
Nitrous acid replaces its NH^ by OH and converts it into isethionic 
acid ; O^H.NH^- SO3H -h HNO^ = O^H.OH • SO3H -f H^O + N^. This has 
led to the synthesis of taurine ; C,H^ is absorbed by SO3, the product 
dissolved in water, neutralised with NHg, and evaporated to crystallisa- 
tion; C„H^ + S03 + H20 -i-NH3 = CjH^H-SOjNH^ {ammonium, isethio- 
nate). When this is heated to 220° C., it yields taurine — 
CjH^OH-SOjNH^ = C„H^NH 2 -S 03 H -f H^O. 

Taurine may also be synthesised by converting ethene into glycol-chlorhydrin, 
HO’OjH^’Cl, heating this with KoSOj to obtain ^oiassium isethionate — 
HO-CjH^-Cl + K3SO3 = H 0 -C 3 H^-S 03 E; + KCl ; 

■distilling the isethionate with phosphoric chloride — 
H0-03H,-S03K+PC13=P0,C1 + HC 1 + KC 1 + C1-C3H/S03C1 (isethiomc cldoride ) ; 
heating this with water — 

CPCoH^’SOjCl + HOH = HCl + C1'C2H/S02’0H {cldor-ethylsulphonic acid ) ; 
and heating this to 100° C. with ammonia in a sealed tube — 

Cl-OjH/SOo-OH + 2NH3 = NH3HCI + NH^-OjH^-SOj-OH (taurine). 

It is probable that some taurine exists as such in the bile ; it has been found 
in the Hdneys, lungs and muscles. When solution of taurine is evaporated with 
potassium cyanate, it yields potassium tauro-carhamate, CoH^NHCO'NHjSOgK ; 
tauro-carbamic acid is found in the urine when taurine is" taken internally ; it 
forms crystals easily soluble in water, 

Amiddbenzene sulpli 07 iic acid (see p. 644). 


Diazo- and Azo-Compounds. 


480. Diazo-Cojipotjnds. — If has been already noticed that the amines 
of open-chain hydrocarbons show no tendency to undergo the diazo- 
reaction described on p. 160, whereas the amines of closed-chain hydro- 
carbons readily undergo this change at low temperatures. It thus 
happens that diazo-compounds^ of the type R-N:N-X, where R is a 
positive^ and X a negative radicle, are only known when II is a radicle 
containing a benzene ring. 


There is, however, a tendency for the amido-acids of the open-chain series to 
under^ the diazo-reaction, although the diazo-acids produced appear to be 
diffeientlj constructed from the true diazo-compounds, and have only been 
isolated as ethereal salts or as amides. ^ ® 
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DIAZO-COMPOUNDS. 


Diazoacetic acid^ ■■ ^_^CH’CO„H, has not been isolated, but ethyl diazoacetate, 


'N 


NjCH'C 020„H5, is precipitated as a yellow oil when the hydrochloride of ethyl 
amidoacetate (ethyl glycocoll) is dissolved in a little wg,ter and treated with 
sodium nitrite ; it boils at 144° (at 120 mm. pressure), and is decomposed by acids 
with evolution of nitrogen, which becomes explosively rapid if the acid be strong ; 
it reduces hot Fehling’s solution (p. 599). When it is slowly dissolved in strong 
ammonia it is converted into diazoacetamide, NjCH’CONHj, which is soluble in 
water and forms yellow crystals ; it detonates when suddenly heated. In many 
reactions ethyl diazoacetate loses its nitrogen which is replaced by two monova- 
lent radicles ; this indicates that its constitution differs from that of diazobenzene, 
for instance. 

Triazoacetic acid is obtained as its sodium salt by heating ethyl diazoacetate 
with strong NaOH ; from this mineral acids separate the free acid, which 
crystallises in orange-red tables, C3H3N6(C00H)g.3H„0. Its aqueous solution and 
that of its salts are coloured red by exposure to air and by nitric acid, it is 
important as the source of hydrazine (p. 161), the sulphate of which can be 
prepared by heating triazoacetic acid with dil. H2SO4 — 

C3H3hr3(GOOH)3 4 - 3H3SO4 + 6H„0 = 3(N„H4,H..S04) + 3(COOH)3. 

Diazomethane, is obtained by treating various nitroso-derivatives of 


N- 

methylamine with alkalies. It is a yeUow, odourless, poisonous gas. 
has also been prepared. 


Diazoethane 


At moderately liigli temperatures the aromatic amines react with 
nitrous acid just as the fatty amines do, the NHj being replaced 
OH ; -t- ON ■ OH = OgHpH -l- N, -f HOH. But at low temper- 

atures, particularly when a salt of the amine is employed, the diazo- 
compound is formed as an intermediate product — 


C3H3-NH3,HN03 + ON-OH = C„H,-N:N-N03 -l- 2HOH. 

Aniline nitrate. Diazobenzene 

nitrate. 

The salts of diazo-compounds are usually prepared in aqueous solution, 
since they are only used as transition products in the preparation of 
other compounds {vA.), or for the production of azo-compounds. The 
amido-compound (amine) is dissolved in a dilute acid, the solution cooled 
in ice, and the calculated quantity of sodium nitrite added. 


For preparing the crystalline salts, amyl nitrite is the best nitrite and the 
reaction should be effected in absolute alcohol ; the amine and the amyl nitrite 
are dissolved in the alcohol, and an acid is added to the cooled solution ; after a 
few minutes the diazo-salt crystallises and may be washed with alcohol and 
ether ; C^Hj- NH„,HC1 -i- 03H„N03= CeHs'lSr : NOl + C^H,, • OH + HOH. 

Diazobenzene nitrate is best prepared by passing NoO, (p. 154) into a thin paste 
of aniline nitrate and water, cooled by ice and salt, until KOH no longer precipi- 
tates aniline. A brown product is filtered off, and alcohol added to the filtrate, 
when the nitrate separates in colourless needles. These are soluble in water, 
but insoluble in ether and sparingly soluble in alcohol. At 90° 0., or when struck, 
it detonates with extreme violence. 

By decomposing diazobenzene nitrate with potash, the compound CgHjNo'OK, 
diazobenzene potassoxide, is obtained, in which the potassium may be replaced by 
other metals, producing unstable and sometimes explosive compounds. By acting 
on the potassium compound with acetic acid, diazobenzene hydroxide, CjHjN,' OH, 
is obtained as a very unstable liquid. 

Diazobenzene butyrate is said to be identical in chemical behaviour and physio- 
logical effect, with tyrotoxicon, a poison which has been isolated from decom- 
posing milk, and may be obtained at will by adding some butyric acid ferment 
(p. 575) to milk and keeping it in stoppered bottles for 8 or 10 days ; if NSjCOj be 
then added to the milk, tyrotoxicon may be extracted from it by ether. * IVhen 
treated with potash, tyrotoxicon yields diazobenzene potassoxide. 

The diazo-bases, e.g., OeHj'NiN’OH, have never been isolated owing 
to their instability. 
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The value of the diazo-compounds in effecting chemical syntheses will 
be appreciated from the following typical reactions when it is re- 
membered that the conversion of an aromatic hydrocarbon into a 
nitro-derivative, this into an amido-derivative, and the amido- into a 
diazo-derivative (diazotising), is easily performed. 

(1) The diazo-group may be replaced by a hydroxyl group by warming 
the compound with water, a phenol being produced 

OeHj'NiN-Cl + HOH = CgHj-OH + N„ + HCl. 

(2) The diazo-group maybe replaced by a halogen or by cyanogen, 
producing a halogen substituted hydrocarbon or a cyanide. This is best 
effected by warming the diazo-compound with the corresponding cupious 
salt (Sandeineger’s Teaction). The cuprous salt forms a double compound 
with the diazo-salt which decomposes with the re-formation of the 
cuprous salt ; CsH,-N;NCl,Cu„01, = 06H;N:NCl + N,-f Ou^Cl^. 


The cuprous salt need not be pre-formed ; thus, to produce cyanobenzene 
(phenyl cyanide, C^HgCN), diazobenzene chloride can be treated with a mixture of 
copper sulphate and potassium cyanide (potential cuprous cyanide,^ p* ^ 75 )' 
Similarly, nitro-benzene can be formed ■when the diazobenzene chloride is treated 
with KNOj and freshly precipitated CmO (potential cuprous nitrite). Finely 
divided metallic copper will frequently cause the separation of nitrogen and the 
attachment of the acid radicle to the benzene nucleus in a diazo-salt. 


The cyanides can he converted into acids by hydrolysis (p. 568), so 
that acids can be synthesised through Sandemeyer’s reaction. 

(3) The diazo-group may be replaced by H, the bydrocarbon being 
formed, by boiling the compound with alcohol — 

O.Hj-NiNCl -t- OjHjOH = + N„ -f HCl + CHj’CHO. 

The above reactions conclusively show that diazobenzene-compound s 
must contain the C5H5 group 3 that the nitrogen atoms are linked in 
the manner I’epresented, is concluded from the fact that diazohenzene 
salts yield phenylhydrazine salts (p. 664) when reduced — 

CsH5-N:NC1 + B.^ = CsHj-NH-NH^HCL 
48r. Biazo-amido-compoimds . — When it is attempted to prepare a diazo- 
compound in the absence of an acid, a diazo-amido compound is obtained ; 
probably, one portion of the amine is diazotised and immediately combines with 
another portion of amine. Thus, diazoamidobenzene, CgHj'NiN'NH'OsHj, is 
prepared by passing NjOj into a cooled solution of aniline in alcohol ; diazoben- 
zene hydroxide may be supposed to be first formed and then to combine with 
aniline ; •OH + NH.-C.Hj^C.H^NiN-NHC.H.-f HOH. It is also pre- 

pared by the interaction of diazobenzene chloride and aniline, HCl being 
Hberated •, by substituting other primary (or secondary) amines for aniline, other 
diazo-amido-compounds are formed. Diazo-amidobenzene crystallises in yellow 
pri^s (m. p. 98° C.), and is not basic ; like most other diazo-amido-compounds, it 
readily undergoes an intra-molecular transformation when in solution, becoming 
the conespondiug ainido-azo-compound, OeH5-N:N-C,Hj(NH„) (u.A). This is 
particularly hable to happen in the presence of an amine, so that during the 
preparation of diazo-amido-benzene the excess of aniline may cause the change, 
iiie diazo-amido compounds are readily split up into diazobenzene compounds 
ana amiine, so that they show most of the reactions of the former compounds. 

482. Azo-Cojipotjnds.-— "When a nitro-compound is reduced in acid 
solution the corresponding amido-derivative is immediately produced, 
but wheu the liquid is alkaline there are formed, in the case of the 
aromatic nitro-compounds, three intermediate products, derived from two 
molecules of the nitro-compound. Thus, nitro-benezene in alkaline 
so ution will yield azoxybenzene, azohenzene and hydrazobenzene. accord 
mg to the reducing capacity of the agent employed. 
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AZOBENZENE. 


2 mols. Nitro-benzene. 


I >0 

Azoxybenzenc. 


'« .1 

OgH.N 0,H,NH 

Azobenzene. Hydrazobeniene. 


Azoxylenze.ne is formed when nitrobenzene is reduced by alcoholic potasb, but 
is best prepared by oxidising azobenzene by chromic acid in acetic acid. It 
crystallises in yellow needles (m. p. 36° C.), insoluble in water, but soluble in 
alcohol. 


Azohenzene^ C5H5N iNCgHj, is produced when an alcoholic solution of 
nitrobenzene is treated with sodium amalgam or with zinc-dust and NaOH, 
It is readily obtained by dissolving nitrobenzene in alcohol, adding an 
equal weight of KOH, and distilling, when the alcohol is oxidised to 
acetic acid, and the nitrobenzene reduced to azobenzene. At the eird 
of the distillation it comes over as a dark red oil, which solidifies after 
a time to a crystalline mass ; it is insoluble in water, but may be 
crystallised from alcohol or ether in beautiful red tables resembling 
KgCr^O^ I it melts at 68° C. and bods at 293° C. 

Azobenzene is also formed when aniline is oxidised with potassium permanga- 
nate. It forms substitution products like benzene does. Alkaline reducing 
agents convert it into hydrazobenzene, but acid reducing agents convert it into 
aniline. 

Sydrazobenzene, CoHjHN'NHCgHj, may be prepared by dissolving azobenzene 
in alcohol, passing ammonia gas, and afterwards H„S till the solution is colour- 
less. On adding water, the hydrazobenzene is precipitated, and may be crystallised 
from alcohol. It forms colourless tables, which become orange in air, from 
production of azobenzene, and have the odour of camphor. Its formation is 
explained by the equation — 

CgHgNiNCgH, -f H„S = CgHgHN-NHCgHg -t- S. 

A convenient method of converting azobenzene into hydrazobenzene is to boil its 
alcoholic solution with zinc-dust until it is colourless. 

When heated, hydrazobenzene is decomposed into azobenzene and aniline — 
2(CgHgHN-NHGgHg) = CgH^N-NCgHg -f zlOgHg-H.N). 

When dissolved in hydrochloric or sulphuric acid, it is converted into its 
metameride benzidine, NHjCgHi'CgH^NHo (p. 646). 

483. Azo-dyestuffs. — Since the dyeing of a fabric involves the formation of an 
insoluble coloured substance in the fibre, it is essential that a dyestuff' shall be 
capable of combining either with the fibre itself or with some substance {a mordant) 
previously fixed in the fibre, to form aninsoluble compound (the dye). Most dyestuffs 
are capable of forming dyes with wool, and to a smaller extent with silk, without 
the intervention of a mordant ; the dyes thus produced are termed substantive dyes. 
With cotton, on the other hand, a mordant is nearly always requisite, the dye 
obtained being called, in this case, an adjective dye. It will be seen that since a dye- 
stuff must enter into some form of chemical combination before it can becomeadye, 
it must be a substance possessed of a certain amount of chemical activity. Thus it 
happens that those substances which have been found to be successful dyestuffs are 
generally either acid or basic in character ; this observation has proved of great 
value, since it has shown that although a compound may be useless as a dyestuff 
it may become useful if it be treated in such a manner that the necessary acidity 
or basicity be imparted to it, From what has been said before it will be realised 
that it is possible to impart acidity to an organic compound by the introduction 
of certain radicles, such as OH and SO.,OH, whilst basicity can similarly be pro- 
cured by the introduction of the NH„ ra^cle. It is, of course, only certain organic 
compounds'^ which can be converted into dyestuffs by the introduction of such 
groups ; these compounds are called c 7 ^romo^ens, whilst the groups that lend them 
their dyeing capacity are called auxochromes. An acid auxochrome will yield an 
acid dyestuff, capable of being fixed by a basic mordant (alumina, &c.) ; whilst a 
basic auxochrome will yield a basic dyestuff, capable of being fixed by an acid mor- 


* Almost always such as contain one or more benzene nuclei. 
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dant (tannin). That a dyestuff must be' soluble in water bardly needs stating ; it 
will be equally obvious that a dyestuff need not be itself a coloured substance, 
although the insoluble compound which it forms in the fibre must be coloured. 

Azobenzene is a highly coloured substance, but is at the same time both cheml- 
callv indifferent and insoluble in water, so that it is not a dyestuff. It is, however, 
a chromogen, for. by the introduction of the OH or NH, group, compounds are 
produced which are either dyestuffs (when soluble^ in water) or become dyestuffs 
when rendered soluble by conversion into sulphonic acids. _ , , . 3 

A-Ttiido-azo-conipounds are produced by the interaction of a diazo-chloride and an 
amine (or amido-compound) ; thus p-amido-azohenzene, : N'CgH4(NH„), may 

be prepared by the action of diazo-benzene-chloride on aniline — 

CeHjNiNOl + = C«H,N:N-C„H,(NH„) HCl. 

It will be remembered that diazo-amido-benzene is first produced, and that this 
undergoes intra-molecular change (p. 661). Amido-azobenzene crystallises in 
yeUow needles ; its hydrochloride forms violet needles, and was formerly used as 
a dyestuff under the name of aniline yellmo. 

Diamido-azohenzene, C^Hj- N: N • made by the action of diazobenzene 

chloride on metaphenylenediamine — 

C„H,N:N-C1 -f C,H,(NH,), = C.H^-N ; N-C,H3(NHj)„ -1- HCl. 

Its hydrochloride is an orange-yellow dyestuff called chrysoidine. 

Triamido-azdbenzene,GgH.Jlii'Sl„)’N ; N‘C,,H3{NH2)2, is made by the action ofNjOa 


on metaphenylenediamine — 

C3H,(NH2)2 -1- ON- OH = C3H,(NH2)-N;N-C1 -f 2H2O, 

and 

C3H^(NH2)-N:N-01 -f C^H.CNH.), = CeH4(NH2)-N : N-C3H3(NH2)2 -1- HCl. 
Its hydrochloride is Bismarck brown. 

Bmethylamido-azobenzene sidphonic acid is prepared from the chloride of diazo- 
benzene sulphonic acid and dimethylaniline — 

C,H4(S0,H)-N:N-C1 -i- CeH^-NCCHa), = C3H,(S03H)*N : N-C3H,-N(CH3)2 HCl. 
The sodium saltis methyl orange (helianthin or Orange 111 .) used as an indicator in 
the laboratory. 

Hydroxyazo'compownds are prepared by the interaction of a diazo-chloride and 
a phenol. Thus hydroxyazo-benzene is prepared from diazo-benzene, chloride, and 
phenol; CeH^-NiN-Cl C3H3OH = C3H3-N:N-C3H,(OH) -f HCl. They are also 
formed by an intra-molecular change of the azoxy-compounds, just as the 
amidoazo- result from the diazoamido-compounds. 

Bihydroxyazobenzenesnlphonic acid, C3H^(S03H)-N:N-CsH3(0H)„, is prepared 
from the chloride of diazobenzene sulphonic acid and resorcinol [of. methyl 
orange).^ _ Its sodium salt is resorcin yellow. 

Benzidine dtjestvffs.—'Wheu benzidine, NHj-CeH/CgH^-NHj, (p. 646) is diazotised 
it yields tetrazodiphenyl salts, e.g., C1N:N’C3H/C3H,-N:NC1. This tetrazo- 
compound is capable of reacting with amines and phenols in the same manner as 
diazobenzene chloride can react. The dyestuffs thus formed (benzidine dyestuffs) 
are particularly valuable as_ substantive dyes for cotton. Thus, conpo-red is the 
sodium salt of the sulphonic acid produced from tetrazodiphenyl chloride and 
naphthylaminesulyhonic acid, C,„H3(S03H)-NH„ ; its formula is— 

NH2-(S03Na)0,„H3-N :N-C3H,-C3 h'-N :N- C,„H3(S03Na)-NH2. 


Derivatives of Hydrazine and of Hydrogen Hitride (Azoimides). 

484* Jlyd/i'azines . — ^These bases are derived from hydrazine (p. i6r), 
Hjls hvHj, by the replacement of hydrogen by a hydrocarbon radicle. 
They may be primarr/ hydrazines, R-HH-NH,, or seconeZar?/ hydrazines, 
R2 :]S jSHj. When R is an alkyl radicle, the hydrazines are best 
prepared by the action of reducing agents on the nitrosoamines : 
R2:1 s-RO -b H '= R„;lsr-HHj + H,0. But the alkyl hydrazines 
are ot very little importance at present. When R is an aromatic 
radicle the h^razines best prepared by the reduction of the diazo- 
compounds. The reaction of the hydrazines with compounds contain- 
ing ketonic or aldehydic oxygen has been already noticed (p. 606). 
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PHENYLHYDRAZINE. 


Phenyl-hydrazine, is prepai-ed by dissolving aniline 

(i part by weight) in strong hydrochloric acid (20 parts), cooling by 
adding ice, and slowly adding an ice-cold solution of sodium nitrite 
(0.75 parts), in water (4 parts). The aniline hydrochloride is thus 
converted into di-azobenzene chloride — 

CgHgNH^-HCl + HNO, = CgH,N:N-Cl + 2H„0. 

A solution of stannous chloride (4.5 parts) in an equal weight of hydro- 
chloric acid is now carefully added j this converts the di-azobenzene 
chloride into phenyl-hydrazine hydrochloride, which is precipitated — 

OgHjN:N-Cl + 4HCI + 2SnCb = CgH,-NH-NH/HCl + 2SnCb. 

The precipitate is washed with a mixture of alcohol and ether, 
dissolved in a little water, and decomposed by strong ITaOBT, when the 
hydrazine falls as an oily layer, which is freed from water by distilling 
with potassium carbonate. 

Phenyl-hydrazine is thus obtained as a colourless aromatic liquid of 
sp. gr, i.ogi, and boiling point 234° 0 . It solidifies in a freezing 
mixture, forming tabular cystals fusing at 23“ 0 . It is sparingly soluble 
in cold water, but dissolves in alcohol and ether. Phenyl-hydrazine is 
a strong reducing agent and absorbs oxygen from air, becoming brown. 
It reduces alkaline cupric solution, even in the cold, precipitating yellow 
cuprous hydroxide, and evolving nitrogen, while aniline and benzene are 
found in the solution. This is a general reaction for identifying 
hydrazines, and may also be employed for di-azo-compounds by boiling 
their aqueous solutions with hydropotassium sulphite, to reduce them 
to hydrazines, and adding potash and alkaline cupric solution. It also 
reduces mercuric oxide in the cold, forming nitrogen, aniline, benzene, 
and mercury-diphenyl. It is a monacid base, and forms crystalline 
salts. Solution of phenyl-hydrazine hydrochloride mixed with sodium 
acetate forms a general test foo' aldehydes and ketones, with which it forms 
insoluble oily or crystalline compounds {hyd/mzones or osazones ; p. 606), 
thus precipitating them from their aqueous solutions ; by wai’ming these 
compounds with HOI they are reconverted into their parent substances. 
When heated with nascent hydrogen phenylhydrazine yields OgH^NH, 
and IIH3, a fact which settles its constitution, as well as that of the 
other hydrazines. 

485. The derivatives of hydrogen nitride, or azoimide, HNj (p. 161), are also 
called diazo-imido- or triazo-compounds. They are obtainable by the action of 
ammonia on the diazo-periromides. Thus, when diazobenzene bromide is 
brominated, CgHj’N;NBr + Brj = CgHj'NBr'NBro ; when the perbromide is 

treated with ammonia, CgHj'NBr-NBr™ + NHj = sHBr + C5H5*N<^^, {phenyl- 
azoimide). When heated with alcoholic potash the dinitro-phenylazoimide, 
0|.H3(N0o)2‘N<^j^, yields dinitrophenol and the potassium salt of hydrogen 
nitride. 

Benzoyl azoimide, CgHjCO'Nj, is obtained when henzoyl hydrazine — 

CgHjCO-NH-NHj, 

is diazotised. When boiled with NaOH it yields sodium benzoate and sodium 
nitride. 
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X. CYANOGEN AND ITS COMPOUNDS. 

486. In the beginning of the last century, a manufacturer of colours 
at Berlin accidentally obtained a blue powder when precipitating 
sulphate of iron with potash. This substance was used as a colour, 
under the name of Prussian blue, for several years, before any explana- 
tion of its production was attempted, or even before the conditions 
under which it was formed were exactly determined. In 1724 it was 
shown that Prussian blue could be prepared by calcining dried animal 
matters with potashes and mixing the aqueous solution of the (alcined 
mass, first with sulphate of iron and afterwards with hydrochloi'ic acid ; 
^but the most important step towards the determination of its composi- 
tion was made by Maquer, who found that, by boiling it mth an alkali, 
Prussian blue was decomposed, yielding a residue of red oxide of iron, 
and a solution which reproduced the blue when mixed with a salt of 
iron, from which he inferred that the colour was a compound of the 
oxide of iron with an acid for which the alkali had a more powerful 
attraction — a belief, confirmed in 1782, by Scheele’s observations, that 
when an alkaline solution prepared for making the blue was exposed to 
the air, or to the action of carbonic acid, it lost the power of furnishing 
the colour, but the escaping vapour struck a blue on paper impregnated 
with oxide of iron. Scheele also prepared this acid in a pure state, and 
it soon after obtained the name of jn'ussic acid. 

In 1787, Berthollet found prussic acid to be composed of carbon, 
hydrogen, and nitrogen, but he also showed that the power of the alka- 
line liquor to produce Prussian blue depended upon the presence of a 
yellow salt crystallising in octahedra, and containing prussic acid, 
potash, and oxide of iron, though the latter was so intimately bound 
up with the other constituents that it could not be separated by those 
substances which are usually employed to precipitate iron. 

Porrett, in 1814, applying the greatly increased resources of 
chemistry to the investigation of this subject, decomposed Prussian 
blue with baryta, and subsequently removed the baryta from the salt 
thus obtained by means of sulphuric acid, when he obtained a solution 
of the acid which he named ferruretted chyazic acid. 

In 1815, Gay-Lussac, having boiled Prussian blue (or prussiate of 
iron, as^ it was then called) with red oxide of mercury and water, and 
crystallised the so-called prussiate of mercury, exposed it, in the dry 
state, to the action of heat, and obtained a gas having the composition 
ON, which was called cycmiogen* in allusion to its connection with 
It was then seen that the substance which had been 
called ferruretted chyazic acid contained iron and the elements of 
•cyanogen, whence it was called fei'i’ocyanic acid, and its salts were 
spoken of as ferrocyanates. Eobiquet first obtained this acid in the 
crystall^ed state, having the composition CgH^NgPe ; and since it was 
touim that, when brought in contact with metallic oxides, it exchanged 
the H^for sm equiv^ent quantity of the metal, according to the equu- 

+ it was concluded that 
t e OeNgPe composed a distinct group or radicle, which was named 

saits^rro^ajijdeJ * being called hydrofcrrocyanic acid, and. the 
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EEACTIONS or CYANOGEN. 


487. Cyanogen compounds containing the group) CN. — Cyanogen, 
(ON)^ or NO ‘ON, is obtained by beating mercuric cyanide in a glass 

279), and collecting the gas over mercury; 
Hg(ON)2 = Hg + (CN)^ ; the metallic mercury- 
collects in globules on the cool glass. The -whole 
of the cyanogen is not obtained, part being 
converted into a brown solid called paracyanogen, 
which is left behind. This is polymeric with 
cyanogen, into which it may be converted by a 
high temperature. 

Cyanogen is identified by its remarkable odour, 
and by its burning with a pink flame edged with 
green. Its sp. gr. is 1.806 (air= i), and it may 
therefore be collected by displacement of air. It 
is easily liquefied by a pressure of 4 atmospheres 
at 15° C. and atmosphere at 0° 0 . Liquid cyanogen has sp. gr. 0.87, 
and solidifies to a crystalline mass at — 34° 0 . Water dissolves about 
4 volumes of cyanogen, yielding a solution which soon decomposes, 
depositing a brown flocculent substance termed azulmic acid, O^N.HjO. 
The solution is then found to contain ammonium salts, especially the 
carbonate, formate, and oxalate, together with urea. 

The first reaction between cyanogen and water, on standing, probably resembles 
that between chlorine and KOH in the cold, viz., Cl2 + 2K0H=KCl + KC10 + Hj0 
the reaction in the case of cyanogen being (CN)^ + H„() = HON + H(CN)0, producing 
hydrocyanic, HCN, and cyanic, HCNO, acid’s. The cyanic acid, acting upon 
water, produces hydro-ammonium carbonate ; HCN0-f2H„0 = NH,HC03. Hydro- 
cyanic acid, in contact with water, yields ammonium formate; HCN-l-2H„0= 
HCO,NH,. Cyanogen, with water, yields ammonium oxalate (CN);-t-4H,p = 
Cyanic acid, with ammonia, yields urea ; HCNO-f NH3={NH„)„C0. 
The azulmic acid appears to result from a reaction between cyanogen, ammo’nia, 
and water ; 2(CN)2 + NH3 + H20 = C^H5N50 ; it may be prepared by passing cyano- 
gen into dilute ammonia, and heating in a closed vessel. When dry ammonia 
gas acts upon cyanogen gas, a black substance is produced, which is called 
hydrazulmin 2NH3 4-2(CN)2=C4H3N6. This appears to be azulmamide, for, when 
acted on by water, it yields azulmic acid and ammonia ; CjH,,No + H..O = 
C,H3N30-fNH3. 

In most of its reactions, cyanogen exhibits the mutability which' is 
generally observed in organic groups, but in some cases it exhibits a 
stability which allows it to be compared with the halogens chlorine 'and 
bromine. Thus, potassium and sodium take fire in cyanogen gas when 
gently heated, producing their respective cyanides ; + (0N)2 = 2KCN ; 
cyanogen, acting on solution of potash, yields potassium cyanide and 
cyanate ; (ON)^ -f 2KOII = KON -f KONO + H^O, just as chlorine 
yields the chloride and hypochlorite. Cyanogen combines with 
hydrogen, under the influence of the silent electric discharge, to foi’m 
hydrocyanic acid, II(ON), which forms cyanides by exchanging its 
hydrogen for metals, just as hydrochloric acid forms chlorides ; but the 
cyanides of potassium and sodium are much less stable compounds than 
the corresponding chlorides. When boiled with water, the alkali 
cyanides are converted into alkali formates, the nitrogen being evolved 
as ammonia, and the carbon converted into the carboxyl group ; e.g., 
KON'" -b 2HP = KOO"(OH)' + NH3. 

The facili-by with which the Clf groicp is transfoi'medhy hydrolysis into 
the CO group is of very great importance in organic research, since it 
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tioa of an organic acid. Moreover, since the carbon of the added 
cyanogen is not evolved, but only tlie nitrogen, the new acid will belong 
to the next higher carbon series. Thus methyl alcohol, OHj' OH, may 
be converted into methyl cyanide, CH3-Ohr, and methyl cyanide into 

acetic acid, OHg- 00 -OH, the acid of the ethyl series. _ 

Cyanogen is produced in small quantity by the direct 
carbon and nitrogen at the extremely high temperature of the electric 
spark ; but to produce it in quantity, one, at least, of its elements must 
bo in tbe form of a compound j tbus, if amnionia be passed over red-hot 
charcoal, ammonium cyanide is produced ; 4NH3 + 03= 2NII4OIT + CH^ ; 
again, if acetylene is mixed with nitrogen and sparked, Ip'droeyanic 
acid is formed, 02Hj + N2 = 2IICIT If one of the alkali-metals be 
present, nitrogen is much more easily converted into cyanogen ; 
potassium cyanide may be obtained by passing nitrogen through an iron 
tube containing a heated mixture of charcoal and potassium — 

K -t a + K„ = 2KCN. 

In place of the costly potassium, the materials for maldng it, viz., potassium 
carbonate and charcoal, may be used ; EljOOj -f -f Nj = 2KON -h 3OO. 
A better yield is obtained bj’’ employing a compound of nitrogen with 
carbon, such as refuse horn or cuttings of hides and old leather, which 
are rich in nitrogen. 

On a large scale, potassium cyanide is made in this way, but as it 
cannot be -crystallised easily, it is converted into the feirocyanide, 
which is the source whence all cyanogen compounds are obtained. 

488. Potassium ferrocyanide, ov ydlow pnossiate of potash — 
K^OeNoFe-sAq, or (KCN)„-CN-Fe"-CN-(KCN)„ -h sAq, 
is manufactured by melting potashes (potassium carbonate) mixed with 
iron filings in an iron vessel, and adding any cheap material containing 
carbon and nitrogen, such as old leather. Sometimes the animal matter 
is distilled for the sake of the ammonia which it will yield, and the 
remaining charcoal, rich in nitrogen, is used for making ferrocyanide. 
The fused mass is heated with water in open boilers, when a yellow 
solution is obtained, which, after evaporation, deposits truncated pyra- 
midal crystals of potassium ferrocyanide. 

The chemistry of this process is somewhat abstruse, but is generally 
explained as follows: (i) The carbon containing nitrogen decomposes 
the potassium cai'bonate at a high temperature, producing potassium 
cyanide and CO ; KjCOg 4 - 0 ^ -p = 2KCN + 3OO. (2) Sulphur, derived 
from the animal matters, and partly from potassium sulphate present as 
an impurity in the potashes, combines with iron to form ferrous sulphide. 
{3) On treating the fused mass with water, the ferrous sulphide is 
dissolved by the KCN, yielding potassium sulphide and ferrocyanide : 
I'eS-»-6K0N = E:,I’e( 0 N)„ 4 K: 3 S. 

suggested to avoid the presence of K„S in the liquor (which hinders 
by melting pure K^COj with animal charcoal, extracting the 

anotiiiV V treatment with water, and digesting with finely ground 

spathic iron ore (FeCO^) ; FeC03+6KCN = K,Fe(ON),-rK.CO3. yg^ouna 

The ferrocyanide dissolves in twice its weight of boiling and in four 

imes its weight of cold water, but is insoluble in alcohol. The aqueous 
solution assumes a darker yellow colour when exposed to air for some 
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time, oxygen being absorbed and potassium ferricyanide produced in 
small quantity. The neutral solution then becomes slightly alkaline 
from formation of potash. 

Crystallised ferrocyanide does not lose water till 6o° C., when it 
gradually becomes white and opaque. At ioo° C. it may be dried 
completely, though with difficulty unless finely powdered and heated in 
a current of dried air. When the undried salt is moderately heated, it 
evolves ammonia and hydrocyanic acid, and becomes brown. The 
thoroughly dried salt does not evolve ammonia, but fuses at a high 
temperature, evolving nitrogen, and leaving a residue of potassium 
cyanide and iron carbide ; K^CgN^Fe = N", + 4EiCN' + FeC^. 

Nearly all acids decompose the ferrocyanide, evolving hydrocyanic 
acid, and producing compounds containing cyanogen and iron, which 
become blue when exposed to air, from the formation of Prussian blue 
and similar compounds. It is for this reason that the yellow crystals ' 
become blue and green when exposed to the air of a laboratory. 
Oxidising-agents convert the ferrocyanide into ferricyanide, as will be 
seen later. With a large number of metallic salts, the ferrocyanide 
gives precipitates, so that it is an indispensable test. It is also largely 
employed in the manufacture of colours, and in dyeing and calico- 
printing. The constitution and chemical relations of the ferrocyanides 
will be better understood later in the history of cyanogen compounds. 

Hydrocyanic or prussic acid, H*C : N, is prepared, in aqueous solution, 
by distilling potassium ferrocyanide (jn'ussiaie of potash) with dilute - 
HjSO^. 50 grammes of the crystallised ferrocyanide are dissolved in 
200 cubic centimetres of warm water in a flask or retort connected with 
a good condenser. 20 c.c. of strong sulphuric acid are diluted with 
60 c.c. of water, cooled, and added to the solution of ferrocyanide ; 
heat is applied by a ring- burner to avoid bumping, until about 140 c.c. 
of liquid have passed into the receiver. 

The potassium ferrocyanide gives up half of the cyanogen, ON, as 
hydrocyanic acid, leaving the remainder combined with the iron and 
half of the potassium as potassioferrous ferrocyanide, K2Fe".Fe"(ON)(., 
a yellow salt which quickly becomes blue when exposed to air, oxygen 
being absorbed, and Prussian blue, or ferric ferrocyanide, Fe"'^.3Fe"(CN)5, 
being produced. The following equation represents the preparation of 
hydrocyanic acid ; 2K^FeOy6 -f- = 6HOy -}- KjFe"2Cyg + 6KHSO4. 

Hydrocyanic acid is generally used in the diluted state, but it may 
be obtained anhydrous by gently heating the diluted acid in a retort 
connected with a condenser cooled by iced water, and receiving the 
distillate in a bottle cooled in ice and containing fused calcium chloride 
in coarse powder. This bottle is afterwards placed in a water-bath 
connected with a receiver cooled in ice and salt, and gently heated, when 
the pure hydrocyanic acid distils over. The anhydrous HOy may also 
be obtained by passing dry H,S gas into a long tube filled with mercuric . 
cyanide and connected with a receiver cooled in ice and salt; the 
operation must be stopped when an inch or two of mercuric cyanide 
remains undecomposed, to avoid contamination of the HCy with HoS ; 
HgCy, -1- H„S = HgS 2 HCy. 

Properties of hyd/rocyanic acid. — A colourless liquid, sp.gr. 0.7, which 
evaporates rapidly, so that a few drops in a watch-glass are solidified 
by the cold of evaporation, the freezing point being — 15° C. The acid 
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boils at 27° 0 ., giving a vapo\ir which burns with a purple flame. The 
smell of the vapour is quite characteristic, and is compared by some to 
a faint odour of almonds; it generally produces a sensation of dryness 
at the back of the throat. The inhalation of the vapour, unless largely 
diluted with air, is very dangerous, and an extremely smll quantity of 
the acid taken internally generally kills immediately. When the pure 
acid is mixed with an equal volume of water, a contraction ensues, 
amounting to about one-twentieth of the total volume, and cold is pro- 
duced. The aqueous acid is decomposed when exposed to light, deposit- 
ing a brown substance, whilst ammonium formate and other products 
are found in solution; HCN + aH^O = Atrace of sulphuric 

acid, which generally splashes over in preparing prussic acid, prevents 
this decomposition. Acids and alkalies, when boiled with the acid, 
convert the HON into formic acid and ammonia. 

The acid properties of HOy are very feeble; it hardly reddens litmus, 
and does not destroy the alkaline reaction of the alkalies or their carbon- 
ates. The salts formed by displacing its hydrogen by alkali-metals are 
easily decomposed by water and carbonic acid, and therefore smell of HOy, 
but the cyanides formed by many of the metals are very stable bodies. 

Although HGy is so much more easily liquefied than HCl, its vapour 
continually escapes even from a weak aqueous solution, so that the 
strength is diminished every time the stopper is removed, from the 
bottle ; it thus happens that the weak prussic acid (2 per cent.) dispensed 
by the druggists, is sometimes found to have become nearly pure water. 

Hydrocyanic acid is found in laurel-water, and in water distilled from 
the kernels of many stone-fruits, such as peach, apricot, and plum. In 
these cases it appears to be produced from amygdalin (see p. 566). 

Hydrocyanic acid is produced synthetically by passing a succession of 
electric sparks through a mixture of nitrogen with an equal volume of 
acetylene, this being itself produced by carbon intensely heated in 
hydrogen (p. 100). HOy is also found among the products of distilla- 
tion of coal, and occurs in imperfectly-purified coal-gas. 

Tests for hydrocyanic acid. — Silver nitrate produces a white precipitate ol 
silver cyanide, AgON, which is dissolved by boiling with strong nitric acid, and 
precipitated in microscopic needles, AgCN.aAgNOj, on cooling. Pnissian-hhie 
test ; _ Add, potash in slight excess, to form KCy ; then add ferrous sulphate 
solution (which always contains ferric sulphate),* to form potassium ferrocy- 
anide ; 6KCy'!-Fe"S04=KjFe"Gyg-}-K^S0^; this acts on the ferric sulphate, and 
produces ferric ferrocyanide, or Prussian blue ; 3K^Pe"Cy.-)-2Fe"'„(S0 ) 

=Fe"'^(Fe''Cy5)3-t-6K„S04. But the excess of potash decomposes the blue; to 
correct this, add excess of hydrochloric acid to neutralise the potash, the blue 
will then be visible. Sdpliocyanide test : Add yellow ammonium sulphide (which 
contains some disulphide), to form ammonium sulphocyanide ; HON + (NH4)„S„= 
NHiCNS+NH^HS ; evaporate till the smell of ammonium hydrosulphide has 
disappeared, and add ferric chloride, which will produce the blood-red colour of 
ferric sulphocyanide, bleached on adding mercuric chloride. A very fugitive 
purole colour is due to ammonium thiosulphate produced by the action of air 
^ind does not indicate HCy. ’ 


Potassmm cyanide, HON, or KCy, is prepared by fusing, in an iron 
crucible, a mixture of well-dried potassium ferrocyanide (8 parts) with 
dried K,C03 (3 parts) ; K^Cy.Fe -f K^OO, = sKCy -|- KCyO -h Fe + CO . 
As soon as the escape of GO., has ceased, and the metallic iron has sub- 


* It is well either to shake with 
presence of ferric salt. 


air or to add a 


drop of ferric chloride to ensure the 
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sided, the clear fused mixture of cyanide and cyanate of potassium is 
poured into an iron mould. The presence of cyanate does not interfere 
with most of the uses of the cyanide ; its quantity may he diminished 
by adding some powdered charcoal to the mixture. A purer product 
is obtained, though less economically, by fusing the dried ferrocyanide 
alone (see above), and crystallising the product by dissolving in hot 
alcohol. The purest potassium cyanide is made by passing vapour of 
hydrocyanic acid into solution of potash in absolute alcohol, when the 
cyanide is deposited in small octahedral crystals. 

Potassium cyanide, as met with in commerce, is in white opaque 
lumps, and contains about 90 per cent, of cyanide, the rest being 
cyanate and carbonate. When exposed to air, it deliquesces, and smells 
of hydrocyanic acid and ammonia, the former being produced from the 
cyanide, and the latter from the cyanate, by the action of water — 

(i) KCN + H „0 = KOH + HCN. (2) KCNO + 2 H „0 = NH, + KHCO3 
It dissolves very readily in water, yielding a strongly alkaline solution, 
which evolves HCy and IIII3 when boiled, and becomes a solution 
of potassium formate; KON + 2H,0 = ]Sr]B[3 + IICO„K. When the 
commercial cyanide is boiled with moderately strong alcohol, the 
cyanide, together with a little cyanate, is dissolved, and ,may be 
crystallised from the solution, while the carbonate is left undissolved. 
Potassium cyanide fuses at a low red heat, becoming very fluid; it then 
absorbs oxygen from the air, forming cyanate. This disposition to 
combine with oxygen causes it to act as a powerful reducing-agent 
upon metallic oxides ; tin-stone is assayed by fusing it with potassium 
cyanide, when a button of tin collects at the bottom of the fused mass ; 
Sn02-f2ElCy = Sn + 2K0y0. When heated with KNOj or KOlOj it 
causes a violent .explosion, from evolution of OOj and N. 

Pure potassium cyanide is alkaline, but does not effervesce with acids, 
like the commercial cyanides. Solution of potassium cyanide dissolves 
silver chloride and iodide, which leads to its use in electro-plating and 
in photography, while its property of dissolving silver sulphide is 
useful in cleaning gold and silver. It is one of the most dangerous 
poisons. It is also used in gold-extraction (p. 474). 

Potassium cyanide is sometimes obtained in -considerable quantity 
from the blast-furnaces of iron-works, being formed from the potassium 
carbonate in the ash of the fuel. 

Ammonium cyanide, NH^CN, may be sublimed in cubes by heating.a mixture of 
mercuric cyanide and ammonium chloride. It undergoes dissociation, at 36° C., 
into NHj and HCN, which recombine at lower temperatures. It is very soluble 
in water and alcohol, and smells of hydrocyanic acid and ammonia. When kept, 
it becomes brown, azulmin being produced (p. 666). Ammonium cyanide is pro- 
duced when ammonia is passed over red-hot charcoal, marsh gas being also 
formed; 4NH3-fC3=2NH4CN-}-CH^. It is also formed bypassing a mixture of 
ammonia and carbonic oxide through a red-hot porcelain tube; 2NH3-fC0 = 
NH^CN-fHoO. 

The cyanides of barium, strontium, and calcium are less soluble than the alkali 
cyanides, and are easily decomposed by carbonic acid. Zinc cyanide, ZnCy„, is 
precipitated by KCy from ZnSO, ; it dissolves in KCy, forming ZnCyoCKCy)^, 
which crystallises in octahedra. Jitckel cyanide, NiCy„, obtained in a similar way, 
forms a pale green precipitate, readily soluble in excess, forming NiCy„(KCyh, 
from which hydrochloric acid re-precipitates the nickel cyanide — 

NiCy„(KCy)2 + 2HCI = NiCy, + 2KCI + aHCy. 

If the solution of nickel cyanide in potassium cyanide be heated with mercuric 
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oxide nickel oxide is precipitated; NiCy„(KCy)2+HgO— HgCy2(KCy)j+NiO. 
This reaction is important in quantitative analysis. Nickel cyanide is remarkable 

for its insolubility even in boiling hydrochloric acid. 

489. Cobalt ajanide, CoCy,, is precipitated of a reddish-brown colour when 
potaLium cyanide is added to cobalt nitrate ; it dissolves easily m excess of 
potassium cyanide, forming j?otassmm cohaltoc^anide, K^(CoGyg), which may 
obtained in red deliquescent crystals by adding alcohol. This compound corre- 
sponds with potassium ferrocyanide_. E4(FeCy5), but is far i^ss stable ; 
exposed to air, or boiled with water, it undergoes oxidation, the cobaltous com- 
pound being converted into a cobaltic compound, the jpotassiam cobalticyamcle— 
2K4(Co"Cys) -h 0 H2O = 2K3(Co'"Cy„) + 2KOH. 

The potassium cobalticyanide is a pale yellow salt, its solution being nearly 
colourless, so that the brown solution formed at first when KCy in excess^ is 
added to a cobalt salt gradually becomes pale yeUow when boiled in contact with 
air. This solution, when mixed with hydrochloric acid in excess, yields hydro- 
cobalticyanic acid, HgCoCyB, which is soluble, forming a distinction between cobalt 
and nickel. When both metals are present, the addition of HCl to the solution 
in excess of KCy produces a yeUowish-green precipitate of nichel cobalticyanide, 
Ni3(Co0y5)2, which is decomposed by boiling with potash, the nickel being pre- 
cipitated as hydroxide, and the cobalt passing into solution as potassium cobalti- 
cyanide; Ni3(GoCy5)„+6KOH=3Ni(OH)2-f2K3CoCyG. The solution of potassium 
cobalticyanide is not decomposed by digestion with HgO (to precipitate the NiO), 
but a solution of mercurous nitrate gives a white precipitate of mercurous 
cobalticyanide, HgaCooCy^, which is converted into oxide of cobalt when heated in 
air. 

The potassium cobalticyanide may be obtained in crystals ; it is analogous to 
and isomorphous with, the potassium ferricyanide, to be presently described. 
Bydrocobalticyanic acid is prepared by mixing a strong solution of the potassium- 
salt with sulphuric acid and alcohol, when KjSO^ is precipitated, and the solution 
yields colourless crystals of HjCCoCyg),.!!,©, which is a very stable and powerful 
acid. Potassium cobalticyanide givesj with ferrous salts, a white precipitate of 
ferrous cobalticyanide, Fe/CoCyg"), ; and with cobalt salts a red precipitate of 
cobaltous cobalticyanide, Co'a (Co"'Oyg)2.i4Aq, which loses its water at 200° C., and 
becomes blue. 

490. Cyanogen and iron. — Ferrous cyanide, Fe(ON)2, is 

obtained (apparently in combination with some KCy) as a red-brown 
precipitate, by adding potassium cyanide to a ferrous salt ; it dis- 
solves when boiled with an excess of the cyanide, and the solution, 
when evaporated, deposits yellow crystals of potassium ferrocyanide — 
FeOy2-l-4KOy = K4FeOy5. This might be regarded as 4KCy.FeOy„, 
but the irOn cannot be detected by any of the tests for that metal ; 
thus, ammonium sulphide, which produces a black precipitate in ferrous 
salts, does not change the ferrocyanide ; moreover, the K^ may be ex- 
changed for hydrogen or for other metals without affecting the iron and 
cyanogen, leading to the conclusion that the group FeOy^ contains the 
iron in a state of intimate association with the cyanogen, so that its 
ordinary properties are lost. Again, the ferrocyanide is not poisonous, 
so that it^ ^nnot be believed to contain potassium cyanide. Hydrogen 
ferrocxjam^, or hydroferrocya/nic acid, H.FeOyg, is prepared by mixing 
a cold saturated solution of potassium ferrocyanide with an equal 
volume of strong hydrochloric acid. It forms a white crystaUine pre- 
f in water, but not in HCl. If it be drained, dissolved 
•c ®tlier ad ded, it may be obtained in large crystals. It 

pvnwt exposed to air, it absorbs oxygen, and 

ferric / nmd, leaving a residue of Prussian blue 

LioTlJ ^e4(FeCyg)3. The acid is decomposed by 

Spfol \ liydrocyanic acid and ferrous ferrocyanidJ 

Fe3(FeOyg), which is white, but becomes blue when exposed to a^ 
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3H^!FeOy6 = 1 2HCy + !Pej(FeCyg). These changes are applied to produce 
blue patterns in calico-printing. 

Hydroferrocyanic acid is Utrahasic, its four atoms of hydrogen ad- 
mitting of replacement by a metal to form a ferrocyanide. The group 
ferrocyanogen, Fey or Cfy, is a tetrad group, consisting of ferrous 
iron, which is diad, Fe", and six monad cyanogen groups, (ON)', leaving 
four vacant bonds. 

Prussian blue or ferric feri'ocyanide^'S^" is prepared by adding 
potassium ferrocyanide to a solution of ferric chloride, or ferric sulphate ; 
2Fe3Clg-i-3K4Fcy = Fe^Fcy3-{- 12KCI. When washed and dried, it is a 
dark-blue amorphous body, which assumes a coppery lustre when rubbed. 
It cannot be obtained perfectly free from water, always retaining about 
20 percent. (Fe^Fcyg-l- i2Aq). On heating, the water decomposes it, 
hydrocyanic acid and ammonia being evolved, and ferric oxide left. The 
water appears essential to the blue colour, for strong sulphuric acid con- 
verts it into a white powder, becoming blue again on adding water. 
Strong hydrochloric acid dissolves Prussian blue, forming a brown solu- 
tion, which gives a blue precipitate with water. Oxalic acid dissolves it 
to a blue solution, used as an ink. Some ammonium salts, such as 
acetate and tartrate, also dissolve it. Alkalies destroy the blue colour, 
leaving ferric hydroxide and a solution of an alkali ferx’oeyanide j 
Fe^Fcyj-i- i 2 K 0 H= 2 Fej(OH)g-f 3 K^Fcy. This is turned to account, 
in calico-printing, for producing a buff or white pattern upon a blue 
ground. The stuff having been dyed blue by passing, first through so- 
lution of a ferric salt, and afterwards through potassium ferrocyanide, 
the pattern is discharged by an alkali, which leaves the brown ferric 
hydroxide capable of being removed by a dilute acid, when the stuff has 
been rinsed, so as to leave the design white, Prussian blue is present 
in large quantity in many black sUks, and may be extracted by heating 
with hydrochloric acid, and precipitating the brown solution with 
water. 

Soluble Prussian blue, or potassio-ferric ferrocyanide, is formed 

when solution of ferric chloride or sulphate is poured into potassium ferrocyanide, 
so that the latter may be present in excess during the reaction ; PCjClg + 2K,Fcy = 
KjEe^Fcyo+dKCl. This blue is insoluble in the liquid containing" saline matter, 
blit dissolves as soon as the latter has been removed by washing. The addition 
of an acid or a salt re-precipitates it. By decomposing soluble Prussian blue with 
ferrous sulphate, a blue precipitate of ferroso-ferric ferrocyanide, Fe"Fe"'„Fcy2, is 
obtained, which is erroneously called Turnbull’s blue (ferrous ferricyanide). 

Potassioferraus ferrocyanide, K„Fe"Fcy, is obtained as a white precipitate when 
a solution of ferrous salt quite free from ferric salt is added to potassium ferro- 
cyanide quite free from ferricyanide; FeS04 + KjFcy=K„S04-tK„KeFcy. The 
ferrous solution may be prepared by placing some iron filings in a stoppered 
bottle and filling it up with a strong solution of sulphurous acid ; after a few 
minutes, the solution of ferrous hyposulphite (p. 232) is poured (through a filter, 
if necessary) into a weak freshly prepared solution of potassium ferrocyanide. 
The precipitate is snow-white, and remains so for some time at the bottom of the 
liquid, but if it be exposed to air, it eagerly absorbs oxygen and becomes blue ; 
6K2FeFcy-4-03=3K4Fcy+Fe4Fcy3 + Fe„03._ Oxidising agents, such as chlorine- 
water and nitric acid, change it at once into Prussian blue. When potassium 
ferrocyanide is added to ordinary ferrous sulphate, a light-blue precipitate is 
obtained, which is a mixture of K„FeFcy with Prussian blue formed from the 
ferric sulphate present in the ordinary salt. In making the Prussian blue of 
commerce, this precipitate is oxidised by solution of chloride of lime (p. 177), and 
afterwards washed with dilute HCl, to remove Fe^O,. 

Calcium chloride gives, with potassium ferrocyanide, a white crystalline 
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precipitate o£ potassio-caUum ferrocyanide, ^GaPcJ, vrhich is insoluble iu acetic 

* ^ 1 . TT/^1 Zr^ **r\ VlV fl-TTHTl OlllOi. Pot(ZSSlO'’U(lTiU7n 





"cmnide MnlPcy, is a "white precipitate. Zinc ftfrocijanuie, Z/Dj^cy, is aiso a 
white p’recip'itate. When potassium ferrocyanide js added to a zinc-salt mixed 
with' excess of ammonia, a white crystalline precipitate of ammoaio-stnc 
cyanide is obtained. Mcfcei ferrocyanide, NhPcy, is a pale green precipitate. 
Qohalt ferrocyanide, Co.Pcy, forms a pale blue-green precipitate. Uranic ferro- 
ciianidl, U-Pcy, (?), is a rich brown-red precipitate. _ Cupric ferrocyanide, Cu^l cy, 
is also obtained as a brown- red precipitate by adding potassium ferrocyanide to 
cupric sulphate j it forms the colour known as Hatchett s hrown. Its formatmn is 
a delicate test for copper, a very dilute solution giving a pink colour with the 

ferrocyanide. , . . 

Silver ferrocyanide, Ag^Pcy, is obtained as a white precipitate from silver 
nitrate and potassium ferrocyanide ; it is insoluble in dilute nitric acid, like 
silver chloride, but it is also insoluble in ammonia, which is the case with few 
silver salts. When boiled with nitric acid, it is converted, into the red-brown 
silver ferricyaiiide, which is soluble -in ammonia. When silver ferrocyanide is 
boiled with ammonia, it deposits metallic silver and ferric oxide, leaving silver 
cyanide and- ammonium cyanide in solution — 

zAg^EeCy^ + 6NH3 -f 3HjO = Ag^ -f 'FePs + b^gCy -f 61 SH,Oy. 

A similar change takes place on boiling with potash, the precipitate becoming 
black. 

Ferric cyanide, Fe.^Cys, is very unstable. When KCy is added to ferric chloride, 
the solution soon becomes turbid, depositing ferric hydroxide and evolving HCy ; 
Fe^Cy^ -f 6H3O = Fe^iOH)^ 6HGy. 

Totassivm femcyanide, or ferridcyanide, or red prussiate of potash, 
Fe3Gy,.6KGy or (K^GyeFe'")^. or (KGN)3(CN)3Fe"'3(GN)3(KGN)3, . 

is prepared by tbe action of cblorine upon potassium ferrocyanide ; 
zK^Fe'-'Cyg + Cl^ = (K3Fe"'Cy6)3 + 2KCI. Chlorine gas is passed into the 
solution of ferrocyanide until a little of the solution tested witK ferric 
chloride no longer gives a blue precipitate. On the small scale, chlorine- 

water may be added to the ferrocyanide. The yellow colour is changed 
to greenish-yellow, and the solution, when evaporated . and cooled, 
deposits dark-red prisms of the ferricyanide. It is very soluble in 
water, yielding a dark yellowish-green solution, but is nearly insoluble 
in alcohol. The aqueous solution is slowly decomposed by exposure to 
light, depositing a blue precipitate, and becoming partly converted into 
ferrocyanide. If the solution be mixed -with acetic acid, and heated, it 
depo.sit's a blue precipitate, a reaction which is turned to account in 
dyeing. Solution of potassium ferricyanide, rendered alkaline' by 
potash, acts as a powerful oxidising agent, becoming reduced to 
ferrocyanide; (K3Fe"'Oye),-P2KOH=2K,Fe"Cys-f H, 0 -fO. Such a 
solution converts chromic oxide into potassium chromate, and bleaches 
indigo, whence it is used as a discharge in calico-printing, for white 
patterns on an indigo ground. Potassium ferricyanide is also reduced 
to ferrocyanide when boiled with potassium cyanide — 

(K3Fe'"Cy3)„ -t- 2KCN -f 2 H „0 = zK^Fe-'Gyg + HGN -}- -i- CO„. 

Hydrogen ferricyanide, or hydroferricyanic acid, (H^Fe"'Gy.), is obtained by de- 
composing lead ferricyanide with sulphuric acid, not 'in excess. It maybe 
crystallised in brown needles by evaporation in vacuo. Its solution is decom- 
^sed by boiling, with evolution of HGy and separation of a blue precipitate. 
Hydroferncyamc acid is hexalasic, the six atoms of hydrogen being replaced bv 
metals to f orm _f errmyanides. The group FmOy,,^, ferricyanogen, or ferridcyanogen, 
Fdcy or Cfdy, is a hexad group consisting of two atoms of triad (ferric), Fe'" and 
twelve atoms of monad cyanogen (CN)', leaving six vacant bonds.- Potassium 
ferricyanide maybe regarded as containing two groups of K3G3N3 linked together 
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by ferric cyanide, FejOy^, whilst the ferrocyanide contains two groups of 
linked together by ferrous cyanide, FeCy„. ‘ ^ 

Ferrous ferricyanide, or Turnbull's blue, Fe"3Fe'"„Cy,2. — Whilst potassium ferro- 
cyanide gives a light blue precipitate with common ferrous .sulphate, the ferri- 
cyanide gives ■ a dark blue precipitate resembling Prussian blue. This contains 
the same proportions of iron and cyanogen as the ferroso-ferric ferrocyanide, 
Fe^Fe'", (Fe"Cy5)2, and it is sometimes regarded as identical with it, on the suppo- 
.sition that the ferrous sulphate reduces the ferricyanide to ferrocyanide. Feme 
salts give no precipitate with the ferricyanide, but only a dark brown solution, 
probably containing ferric ferricyanide, which yields a blue ‘ precipitate of 
■ferrous ferricyanide with reducing agents such as sulphurous acid, and is used as 
a test. 

Lead ferricyanide, Pb3Fe„Cy,2.i6Aq, is deposited in red-brown crystals on mixing 
strong solutions of lead nitrate and potassium ferricyanide. Silver ferricyanide, 
AgeFeoCy,,, has been already mentioned as a red-brown precipitate formed by 
boiling the ferrocyanide with dilute nitric acid. Cold potash converts it into 
black AgoO and potassium ferricyanide ; on boiling, the black changes to pink ; 
3Ag„0 + KeFe„Cy]2=6AgCy-t-6KCy-f FcjOj. The pink precipitate is a compound 
of AgCy with silver ferricyanide, which may also be obtained by boiling silver 
ferricyanide with silver oxide; Ag^FeoCy,, -t-3Ag20 = Fe203-n 2 AgCy, which com- 
bines with undecomposed silver ferricyanide. On continuing to boil the silver 
ferricyanide with potash, the. pink precipitate again becomes black, for the potas- 
sium cyanide reduces the silver ferricyanide to ferrocyanide, which is ultimately 
decomposed by the silver oxide, with separation of metallic silver — 

(i) 2Ag5Fe2Cy,2+4KCN-f4H20 = 3Ag4FeCyf + K^FeCyB-f2HCN + 2C02-f2NH3 ; 

■ (2) 4 Ag^FeOja + 2Agf> = AgjFe2Gy,2 + i2AgCy + 2FeO + Agj. 

In the preparation of K^aFeCyj, if an excess of chlorine be employed, the liquid 
when evaporated, deposits a precipitate of Prussian green, which appears to be a 
compound of ferric ferrocyanide and ferricyanide, 2Fe4Fcy3’Fe2Fdcyi for, when 
boiled with potash, it yields 5 molecules of ferric hydroxidej 3 molecules of 
potassium ferrocyanide, and i molecule of potassium ferricyanide. 

491. Nitroprussides, — When potassinm ferricyanide is acted on by a 
mixture of sodium nitrite and acetic acid, it is converted into potas- 
sium nitroprusside, K4FejCy|g(E’0)2, probably according to the equa-- 
tion — 

K^FejCy.j + 4HNO2 = K4Fe2Cy,(,(NO)2 + aHCy -F HjO + KNO3 -f KNO2. ' 

If mercuric chloride be added to the solution, mercuric cyanide crystal- 
lises out, and, on further evaporation, red prisms of sodium nitroprusside 
are deposited — 

K^FeoCy,, + 4NaN02 -f- 2HA HgCL = 

Na4Fe2Cy,3(NO)2 Hg'Oy, -b 2KCI + zKA + KNO, + KNO3 + H, 0 , 
Sodium nitroprusside, Na4'Fe2Cyj„(NO)2.4Aq, is prepared by a process 
founded upon the above reactions (Hadow). 

332 grains of potassium ferricyanide are dissolved in half a pint of boiling 
water, and 800 grains of acetic acid are added. Into this hot solution is poured a 
cold solution containing So grains of sodium nitrite and 164 grains of mercuric 
chloride in half a pint of water. The solution is kept at 60° C. for some hours, 
until, a little no longer gives a blue coloration with ferrous sulphate (a little more 
sodium nitrite and acetic acid may be added if necessary). The mixture is then 
boiled down till it solidifies to a thick paste pn cooling ; this is squeezed in linen 
to drain off the solution of potassium acetate ; the mass is dissolved in boiling 
water, and allowed to cool, when most of the mercuric cyanide crystallises out. 
On concentrating the red filtrate, and cooling, crystals of sodium nitroprusside' 
.are obtained, and may be purified by recrystallisation. 

Sodium nitroprusside was originally prepared by boiling ferrocyanide with 
nitric acid (Playfair). Potassium ferrocyanide, in powder, is dissolved in twice 
its weight of strong nitric acid (1.42) mixed with an equal volume of water; 
effervescence takes place, from escape of CO„ and N, and the odours of cyanogen, 
hydrocyanic acid, and cyanic acid may be* distinguished. When the salt has 
dissolved, the solution is heated on a steam bath till it no longer gives a blue with 
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fprrous suloLate ' It is then allowed to cool, when KNO3 crystallises out, and the 
Ltation isLiled with excess of sodium carbonate and filtered ; the filtrate, when 
evaporated, deposits crystals of nitroprusside. , , • •. 

Sodium nitropl'usside is very soluble in water ; the solution deposits 
a blue precipitate when exposed to light. When its solution m rendered 
alkaline by soda, and boiled, the NO group exerts a reducing action, 
ferrous hydroxide being preeipitated,and sodium ferrocyanide and mtoite 
remaining in solution. Alkaline sulphides have also a reducing effec 
upon the solution, producing a fugitive violet-blue colour, even m very 
weak solutions, rendering sodium nitroprusside a most dehcate test tor 
sulphur in organic compounds, which yield sodium sulphide when fused 
with sodium carbonate. The sulphur in an inch of human hair ho 
detected by this test. The higher (yellow) alkaline sulphides should 
be reduced by warming with potassium cyanide solution. Alcoholic 
solutions of nitroprusside and sulphide of sodium yield a purple oily 
compound, soon decomposing into ammonia and several cyanogen com- 
pounds. 

With silver nitrate, sodium nitroprusside gives a_ buff precipitate of siiuer 
nitroprusside, Ag,Fe„Cy,o(NO)2, and by decomposing this with hydrochloric acid, 
the hydroniiroprussic acid, H4Ee.jCy,3(NO)», may he obtained, by evaporation, in 
vacuo, in red deliquescent prisms containing a molecule of water. It is very 
- unstable. 

Potassium nitroprusside may be obtained by adding potassium cyanide to 
ferrous sulphate, and heating the brown precipitate with potassium nitrite 
solution — 

(I) sKCy + aFeSO^ = KFe-'Cy^ + aKjSO,; 

(2) 2KFe"„Cy3 + 2KNO3 = K4Fe"\Cy,„(NO)„ + zFeO. 

The relation between the ferrocyanide, ferricyanide, and nitroprusside may be 
exhibited by writing the formulae thus — 

Potassium ferrocyanide , . . (KCy)2CyFe"Cy(KCy),, 

ferricyanide ... (KCy)3Cy3Fe"'jCy3(Kdy)3 


nitroprusside* 


(KCy)2Cy3Fe'"(NO)2Fe"'Oy3(KCy)„. 


492. Chromic cyanide, Ci„Cje, is a pale green precipitate produced by KCy with 
chrome alum ; heated with excess of KCy, it yields potassium chromicyanide, 
KjCrjCy,.^ which may be obtained in yellow prisms. 

, Manganous cyanide, MnCy^, is probably contained in the greenish precipitate 
by KCy in manganous acetate ; an excess of KCy dissolves it to a colourless 
solution, from which alcohol separates blue crystals of potassium manganocyanide, 
K^MnOy^-sAq, isomorphous with the ferrocyanide. When exposed to air, the, 
solution of the manganocyanide absorbs oxygen, and deposits red prisms of 
potassium manganicyanide, isomorphous with the ferricyanide. 

Cuprous cyanide, Cu„Cy„, is obtained as a white precipitate by boiling cupric 
sulphate with KOy, when cupric cyanide, CuCy„, is first formed as a brown pre- 
dpitate, which evolves cyanogen when boiled. Cuprous cyanide dissolves in 
K(^, and the solution yields _ colourless crystals of potassium cupro-cyanide, 
KoCUjCy^, which gives a precipitate of plumbic cupro-cyanide, PbCu„Cy4, with lead 
acetate. By decomposing the lead salt with HjS, a solution of the'corresponding 
acid, H„CU;Cy4, is obtained, but this soon decomposes into z&Gj and Cu3Cy„. 

493> inlver cyanide, AgCy, is obtained as a white precipitate when hydrocyanic 
acid or a cyanide is added to silver nitrate. Its insolubility in water renders its 
lormataon a very delicate test for HCy (in the absence of other acids forming 
inMluble silver salts) and an accurate method of estimating its quantity. 

failver cyanide is not altered by sunlight like silver chloride, and is dissolved 
wnen boiled with strong nitric acid, which does not dissolve the chloride. The 
1 no solution, when cooled, deposits flocculent masses of minute needles of the 

, obtained a salt having the composition KsFe • CO • Cys, the radicle of which 

«l"esponds with half the radicle of the nitroprussides! 
^ » ferrous c^ 
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composition AgCy.aAgNOj. .Even in the cold, strong nitric acid partly decom- 
poses the cyanide, evolving HOy, and after some hours a large quantity of it 
beconies converted into the above salt. The same salt is obtained by dissolving 
silver cyanide in a boiling strong solution of silver nitrate ; it is decomposed by 
water, the cyanide of silver being left undissolved. It detonates when heated. 

Silver cyanide, when heated, fuses, evolves cyanogen, and leaves a residue of 
silver mixed with silver paracyanide, AgC^Nj. Silver cyanide dissolves in ammonia 
like the chloride, but the latter is deposited in microscopic octahedra, while the 
cyanide forms distinct needles ; a mass of silver cyanide, moistened with ammonia 
and warmed, becomes converted into needles. Similar needles are obtained by 
boiling silver cyanide with very strong solutions of the carbonates of potassium and 
sodium, which dissolve the cyanide sparingly and deposit it in prismatic crystals 
on cooling. Potassium hydroxide does not decompose silver cyanide. Potassium 
cyanide readily dissolves silver cyanide, forming KAgCy„, which may be crystallised 
in six-sided tables. It is used in electro-plating. 

Mercuric cyanide, HgCy^, is prepared by dissolving precipitated mercuric oxide 
in excess of solution of hydrocyanic acid, and evaporating, when the cyanide is 
deposited in four-sided prisms, which dissolve in eight parts of cold water, and 
are insoluble in alcohol. The action of heat upon it has been mentioned at 
p. 666. It is one of the most stable of the cyanides, scarcely allowing the 
cyanogen to be detected by the ordinary tests. Dilute sulphuric and nitric acids 
do not decompose it, but hydrochloric acid liberates HCy. Potash and ammonia 
do not precipitate its solution. 

Mercuric cyanide dissolves mercuric oxide when boiled, giving an alkaline 
solution, which deposits needles of mercuric oxycyanide, Hg„OCy„. When solutions 
of mercuric cyanide and silver nitrate are mixed, the solution becomes acid, and, 
on stirring, deposits fine needles containing Ag.Hg.NO3.Cyo.2Aq. The acid 
reaction of the solution proves that some of the mercuric cyanide has become 
converted into mercuric nitrate ; the same salt may be obtained by dissolving 
silver cyanide in mercuric nitrate. Neither mercuric cyanide nor silver nitrate 
is precipitated by excess of ammonia, but a mixture of the two salts gives an 
abundant precipitate, containing HgCyj..7AgCy.2HgO, which explodes when 
heated. The crystalline salt is probably AgCy.CyHgNO3.2Aq, containing HgCyo, 
in which Cy is replaced by NO3. Other crystalline compounds of the same kina 
are formed by HgCyj ; such as NaCy.CyHgCl and KCy.CyHgl. A potassio- 
mercuric cyanide, KCy.CyHgCy.CyK, may be obtained in fine crystals, which 
may be decomposed by mercuric chloride, yielding HgCk.HgCy.j or Hg"Cy'01'. 

Mercuric cyanide was originally prepared by Scheele, when he discovered that 
prussic acid could be prepared from Prussian blue. This was boiled with mercuric 
oxide and water till the blue colour had disappeared; Fej(Cy„Pe)3-f9HgO = 
9HgCy2-f 2Pe203 + 3Fe0. The filtered solution was mixed with sulphuric acid, 
shaken with iron filings, which precipitated the mercury, and distilled to obtain 
hydrocyanic acid ; HgCyj -t- H^SO., + Fe= 2HCy -)- FeSO^ -f Hg. 

Mercuric cyanide may be directly obtained from potassium ferrocyanide by 
boiling it with mercuric sulphate (2 parts) and water (8 parts) — 

aK^FeCyg + yHgSO^ = eUgCy,, + + Fej(aOj)3 -b Hg. 

The mercurous cyanide is not known ; when mercurous nitrate is decomposed 
by potassium cyanide, a solution of mercuric cyanide is formed, and metallic mer- 
cury is precipitated ; Hg„(N03)2-t-2KCy=HgCy2 + Hg-)-2KN03. 

Gold cyanides. — When gold-leaf is boiled with potassium cyanide in contact 
with air, a solution oi potassium aurocyanide is obtained; AUj -f 4KCy -f 0 H„0 = 
2KAu'Cy„-t2K0H. To prepare it in larger quantity, 7 parts of gold are dissolved 
in a mixture of hydrochloric acid with one-fourth its volume of nitric acid, and 
the solution precipitated by ammonia ; the fidminating gold so obtained is washed, 
and dissolved in hot water containing 6 parts of pure potassium cyanide. The 
filtered solution deposits colourless crystals of the aurocyanide, which are very 
soluble in hot water. Aurous cyanide, AuCy, is obtained as a crystalline pre- 
cipitate by adding HOI to solution of the aurocyanide of potassium. 

Potassium auricyanide, KAu"'Cy^, is prepared by mixing hot , strong solutions 
of gold trichloride and potassium cyanide. It forms colourless tables, which 
contain a molecule of water. By decomposing it with silver nitrate, a precipitate 
of silver auricyanide, AgAuCy^, is obtained, and if this be treated with HCl, 
avoiding excess, the silver is precipitated as AgCl, and the solution, evaporated 
in vacuo, yields crystals of aui-ic cyanide, AuCy3.3Aq. 
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Both aurocyanide and auricyanide of potassium are used m electro-gilding. 

404. Platinum cwamVfes.-The cyanides of platinum have not been prepared m 
a pure state, but the salts known as jolatinocijamdes exceed the ferrocyanides in 
the force with which they retain the platinum disguised to the ordinary tests for 
it When potassium cyanide is strongly heated on platinum foil, the metal is 
attacked, and an orange-coloured mass is produced Spongy platinum is slowly 
dissolved by a boiling solution of potassium cyanide, and if mixed with the solia 
cyanide and heated to 600° C. in steam, the potassium platinocyanidc is formed ; 
Pt-i-4K6y-t2H,0=K„Pt"Gy^-l-2K0H-t-H,. The platinocyanide may also be 
obtained by strongly' heating a mixture of spongy platinum with potassium 
cyanide or ferrocyanide, and extracting the mass with water. j . . t. 

When solutions of potassium cyanide and platinic choride are boiled together 
till colourless, the platinocyanide is found in solution— 

PtCl^ -b 6KCN -b 4 H „0 = ICPMCN)^ + -f 2NH3 -b 
Or the ammonio-piatinic chloride may be boiled with potash and a strong solution 
of potassium cyanide until no more ammonia is evolved. 

Potassium platinocyanide is also prepared by dissolving platinous chloride in 
solution of potassium cyanide; PtCl„'b4KCy=K„PtCy4-b2KCl. It crystallises 
in prisms containing 3Aq, which are yellow by transmitted light, and reflect a 
blue colour. They are very soluble in water. The solution is colourless, and 
gives a characteristic blue precipitate with mercurous nitrate. Cupric sulphate 
also gives a blue precipitate, and if this be suspended in water and decomposed 
by hydrogen sulphide, it yields a solution of hydrqplati locyanic acid, HjPtCy^ ; by 
evaporating this, and crystallising the residue from ether, the acid is obtained 
in red prisms with a blue reflection, containing 5 Aq, and dissolved without colour 
by alcohol. 

Barium platinocijanide, BaPtCy4,4Aq, is prepared by decomposing the cupric 
salt with baryta. ^ It is dichroio, being green when looked at along the primary 
axis of the crystal, and yellow across it. 

Magnesium platinocyanide, MgPtCy^.yAq, obtained by decomposing the barium 
salt with magnesium sulphate, crystallises in large prisms, which are deep red by 
transmitted light, but when viewed by reflected light, the sides of the prisms 
exhibit a brilliant beetle-green, and the ends a deep blue or purple colour. When 
the red salt is gently warmed, even under water, it becomes bright yellow, from 
production of MgPtCy^.dAq, which may be obtained in crystals from the solution 
at 71° 0 . Heated at 100° C., the yellow salt becomes white MgPtOy4.?Aq, and at 
about iSo° C. it again becomes yellow, and is then anhydrous. If a little of the 
yellow anhydrous salt be placed on the powdered red salt (with yAq), it abstracts 
water from it, and converts it into the yellow salt with 6Aq, while it is itself 
changed to the white salt with 2Aq, so that a white layer is formed between two 
yellow layers. The yellow salt may also be obtained by crystallisation from 
alcohol. 

When the platinocyanides are attacked, in solution, by oxidising agents, such 
as chlorine, bromine, and nitric acid, new salts are formed, which have a coppery 
lustre, and act as oxidising agents in alkaline solutions, like the ferricyanides. 
These were formerly called platinicyanides, but were shown by Hadow to contain 
cmoyo-, bromo-, &c., platinocyanides. When chlorine is passed into a hot solution 
or pc^ssium platinocyanide, it deposits, on evaporation, colourless crystals of 
he chloroplatinocyanide, ICPtCy^Ch-aAq. When these are treated with a strong 
platinocyanide. they are converted into copper-red needles of 
5“f\^^yvK.PtCy4Ch.3H„0.i8Aq. This compound, when boiled with potash, 
yields the platinocyanide and potassium hypochlorite — 

SKjPtCyj.ICTtOy^Ch + 2KOH = dlLPtCy^-f KOCl -f KOI -P H„ 0 . 

^ cyanogen. — Liquid cyanogen chloride, CyCl, is pre- 
^ chlorine upon moist mercuric cyanide, in the dark : 

•rigUys-f 2Ch = HgCl„-l-2CyCl. On gently heating, the cyanogen 
c r oride passes off in vapour, and may be condensed in a tube sur- 
romided with a freezing mixture. It is a colourless Hqnid, boiling at 

•wife,, irritates the eyes, causing tears, 

/•/7e -7 ^ ^ liglit, it becomes polymerised into the solid cyanogen 

chloride, or cyanunc chloride, Cy, 0 )^, which fuses at 146° and tilf at 
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190° C, This has also an irritating effect on the eyes. It is sparingly 
soluble in cold -water, and is decomposed by boiling water, yielding 
C5’’anuric acid ; CyjClg + 3H2O = Cy3(OH)3 + 3HCI. Both the cyanogen 
chlorides may be obtained by the action ^of chlorine on hydrocyanic 
acid. 

To prepare the liquid chloride, chlorine is passed rapidly into water containing 
20 per cent, of HOy, in a flask cooled in a freezing mixture and connected with a 
reversed condenser. The CyCl sinks to the bottom, and is distilled with mercuric 
oxide and-calcium chloride to retain HCy and ILO. The solid chloride is ob- 
tained by passing chlorine slowly into a solution of HCy in four parts of ether 
cooled in a freezing mixture ; it separates as an oil, which afterwards solidifies. 
Cyanuric chloride may also he prepared as follows ; — 17 parts by weight of dry 
hydrocyanic acid are passed into 65 parts of chloroform kept cool by ice and 
salt ; dry chlorine is then passed in, and continued for some time after the solu-, 
tion has become yellow. After standing for twelve hours, the liquid is boiled, 
with a reflux condenser, to expel HCl, CNCl, and Cl, after which the chloroform is 
distilled off, leaving the cyanuric chloride. 

Chianogen bromide, CyEr, is obtained in crystals, mixed with KBr, when bromine 
is gradually added to a strong well-cooled solution of KCy. On gently heating, 
it sublimes in crystals, which are very volatile and cause tears. When heated in 
a sealed tube, it becomes CygEr^. 

Cyanogen iodide, Cyl, is prepared by dissolving iodine in a warm strong solution 
of KCy, when a crystalline mass of KI and Cyl is obtained on cooling, from which 
the Cyl may be extracted by gently heating or by treatment with ether. It 
crystallises easily in colourless needles or tables, which are sparingly soluble in 
water, very volatile, and have a tear-exciting odour. Cyanogen iodide sometimes 
occurs in commercial iodine, and may be sublimed from it in a tube or flask 
plunged.in boiling water. When cyanogen iodide is heated to 100° C., in a sealed 
tube, with alcoholic ammonia, it yields hydriodide of guanidine — 

CNl -f 2NH3 = CNjH^-HI. 

496. Cyanides of the alcohol radicles (alkyl cyanides), or 'nitriles. — , 
Methyl'cyanide, or acetonitrile, CHg'ON, is prepared by heating methyl 
iodide with potassium cyanide, or by distilling potassium-methyl sulphate 
with potassium cyanide; K(OH3)SO, -f KON = CH/ ON -t - It 
may be obtained in a purer condition by distilling acetamide with 
an equal bulk of P^Oj, which abstracts the elements of water ; 
CH3CO • NH, = CHg- ON -}- HjO. The term nitrile was originally applied 
to the final product of the removal of water from a salt of ammonium, 
the amide being the intermediate product ; it was afterwards found that 
the nitriles were identical with the cyanides of alcohol-radicles. 
Cyanogen itself is oxalonitrile, and may be obtained by dehydrating 
ammonium oxalate with P„Oj; (NII^)jC, 0 ,, = (CN)^ -f qH^O. Hydro- 
cyanic acid is formonitrile, derivable from ammonium forjnate'; 
HCOONH4 = HON + 2 H, 0 . 

Methyl cyanide is a volatile liquid of pleasant odour, boiling at 82° C. Its 
sp. gr. is o. 8, and it mixes with water and alcohol. The tendency for the nitrogen in 
the cyanogen group (C EN) contained in it to become pentavalent, enables it to 
combine with other bodies ; thus, it unites with Br„, HBr, and HI to form crystal- 
line compounds. Certain chlorides also combine with methyl cyanide to form 
crystalline volatile substances which are decomposed by water ; such compounds 
are formed with PCI3, SbClj, and SnCl,. When methyl cyanide is acted on by 
sodium, part of it is decomposed with violent evolution of methyl hydride, and 
the remainder is polymerised to form cyanmethine, (CH3)3(CN)3, an organic base, 
soluble in water, and having a very bitter taste. It terms prismatic crystals, 
which may be sublimed. 

By the action of atomic hydrogen (from zinc and .sulphuric acid), 
methyl cyanide isconverted into ethylamine ; CHg- ON -f = NH„- O^Hj. 
"When boiled with solution of potash, it yields ammonia and potassium 
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^acetate ; OH,-OH +H ,0 + KOH =NH3 + CH^CO-OK. This reaction 
is typical of' the behaviour of -the -alhjl cyanides. It exhibits the 
characteristic disposition of the nitriles to revert to the origmal 
ammonium salts when boiled with alkalies, exactly as the amides 
do," It also illustrates the easy convertibility of the ON group into 
the 00 -OH group. Moreover, it proves that the methyl ^s uniteato 
the carbon and not to the nitrogen of the ON group, so that methyl 
cyanide is H3SO— CsN, the two carbon atoms remaining united in 


the potassium acetate'} 


;0 
ATT 


Metbyl cyanide is present, in small quantity, in coal-naphtha, and in the dis- 
tillate from beet-sugar refuse. . 

Ethyl cyanide, qt jpropio-nitrile, C_,Hj‘CN, is obtained by methods correspondmg 
with those which yield methyl cyanide. It resembles methyl cyanide, ejm^t in 
being less soluble in water, and in boiling at 9^° combines witb ^pl 

form a sparingly soluble crystalline compound, which absorbs water from the air, 
and yields propionic acid and ammonium chloride — 

CjHi-CN'HGl -1 - 2HjO = C 2 H 5 -C 0 ,H + NH,C 1 . 

Sodium acts on ethyl cyanide in the same way as on methyl cyanide : one part 
is decomposed, with evolution of butane (di-ethyl) — 

2C2H3CN -1- Na^ = C<H,o + 2NaCN. 

The remainder is polymerised to cyanethine, (04115)3(01!? )3. 

Ethyl cyanide, when boiled with potash, yields ammonia and potassium 
propionate; 0jH5-CN-l-K0H-l-H„0=l:?H3-i-04H5-C00K. 

The cyanides of most of the other radicles of the monohydric alcohols are 
known, and they are the nitriles corresponding with the acid containing one more 
atom of carbon. 

Phenyl cyanide, or ienzonitrile, CgHjON, also called cyandbenzene, may he 
prepared by distilling ammonium benzoate with PjOj, which removes the 
elements of water; 05H5'C02'NH4=06Hs'0N-t2H20. It is also obtained when 
potassium benzene sulphonate is distilled with potassium cyanide (or well-dried 
ferrocyanide) ; C5H5'S03K+KClS[=G5Hs’CN4-K4S03. It is a colourless liquid 
smelling of bitter almonds ; sp. gr. 1.023, boiling at 191° 0 . When boiled with 
acids or alkalies, it takes up 2 H „0 and becomes ammonium benzoate. Nascent 
hydrogen converts it into benzylamine, CgHjOHj’NHj. Like other cyanides of 
monatomic radicles, it has a tendency to combine with hydrogen acids and 
haloid salts. 


Benzyl cyanide, CjHj* 0 ON, or phenyl acetonitrile, is obtained by heating benzyl 
chloride with potassium cyanide and alcohol. It occurs in the essential oils of 
nasturtium and cress. When boiled with alkalies, it yields ammonia and phenyl 
acetic (or a-toluic) acid, G^Hs'CHj-COjH. 

497. Isocyanides, or carbamines [carhylamines). — ^Ifc has been seen 
that the -cyanides of ethyl and methyl may be obtained by heating 
their iodides with potassium cyanide, . If silver cyanide be substituted 
for potassium cyanide, there are obtained two liquids of unpleasant 
odoiu’ which have lower boiling points than the cyanides ; they have 
^e same composition as these, and are therefore called isocyanides. 
Xhey are much less easily attacked by alkalies than are the cyanides, 
and, when heated with acids, they yield formic acid and an amine which 
contains the radicle of the isocyauide ; thus methyl isocyanide, heated 
with aqueous hydrochloric acid, gives formic acid, HOO^H, and methyl- 
amine, iijL-iSH,. This shows that the methyl is united to the nitrogen 
TT carbon of the ON group, and that methyl isocyanide is 

decomposition by aoueous acids would be 
expressed by the equation; CH3-NC-}-2H„0 = 0H3-NH,-i-C0,H. 
_ e term carbamine refers to the idea formerly entertained that the 
isocyanides were amines in which carbon is substituted for hydrogen; 
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thus, methyl carbamine, NC’CHj, might be regarded as methylamine. 
NHjOHj, in which 0 " is substituted for H,. Their connection with 
the amines is illustrated by the fact that they can be prepared by 
the action of chloroform and alcoholic potash on the amines; eg 
CH,- + 0HCJ3 + 3KOH = CH3-N0 + 3KCI + 3HOH. The isocy- 
anides often accompany the cyanides of the alcohol-radicles, especially 
when prepared by distilling the acid ethereal salts, such as potassium 
ethylsulphate, with potassium cyanide. For this reason the cyanides of 
alcohol-radicles were formerly described as having an offensive smell, 
which is really characteristic of the ioscyanides mixed with them. 

Methyl isocyanide or methyl carbamine, H^C 'NO, is prepared by beating methyl 
iodide with silver cyanide and ether, in a sealed tube, at 140° C., when a crystal- 
line compound of the ioscyanides of methyl and silver is formed — 

H^C-I + cAgCN = (H3C-NC)(AgNC) + Agl. 

This is distilled with water and potassium cyanide, when the methyl ioscyanide 
passes over. It is lighter than water (sp. gr. 0.76) and moderately soluble in it. 
It has an extremely unwholesome smell, and boils at 58° C. Methyl carbamine is 
slightly alkaline ; it combines with HCl gas, forming a crystalline hydrochloride, 
which is decomposed by water into formic acid and methylamine hydrochloride ; 
H3O • NC 11101 + aHoO = HjC • NH„* HCl + HCOjH. 

Ethyl isocyanide or ethyl carbamine, HjCo'NO, may be prepared in the same way • 
as the methyl compound. It may also be obtained by distilling an alcoholic 
solution of ethylamine with chloroform and solid potash. The ethyl carbamine 
is obtained from the distillate by fractional distillation. It boils at 79° (? 82°) C., 
and has a repulsive odour like that of hemlock. Itis lighter than water, and slightly 
alkaline. I^en heated with water at 180° C. for some hours it is converted into 
ethylamine formate ; H,C2'NC + 2H„0=H5C2‘NH;-HC0jH. Heated alone, in a 
sealed tube, at iSo" C., it is metamefised into propionitfile ; H5C„'NC=HjCj'0N. 
Ethyl carbamine combines readily with HOI, land forms a crystalline* salt. 
Aqueous acids convert it into formic acid and ethylamine. If the hydrochloride 
be treated with very strong potash, well cooled, an oily layer of ethyl formamitle 
separates on the surface ; CN-C„H5 + H„ 0 =HC 0 ’NHC;Hs. Glacial acetic acid also 
converts ethyl carbamine into ethyl formamide, with great evolution of beat and 
production of acetic anhydride — 

ON-OoHj + 2(0„H30-0H) = HCO-mCM, + (C^H,0),0. 

Phenyl isocyanide, or phenyl carbamine, HjOg'hfO, is prepared by mixing aniline 
with a saturated alcoholic solution of potash, and gradually adding chloroform ; 
the distillate is treated with oxalic acid to remove aniline, with potash to remove 
water, and re-distilled. Phenyl carbamine has a very terrible odour ; it is green 
by transmitted light, and shows a blue reflection. It begins to boil at 167° C., 
but soon decomposes, being converted, at 230° C., into an odourless liquid which 
crystallises on cooling. When heated, in a sealed tube, at 200° 0 ., phenyl 
carbamine slowly metamerises into phenyl cyanide, or benzonitrile, HjCo'CN. 
Treated with acids, it yields formic acid and salts of phenylamine (aniline) : 
HjOe-NC 2 H „0 = HjCe- NH3 + HCOoH. 

498. Tautomensm. — It has been seen that the cyanides of alcohol- 
radicles exist in two forms, as though they were derived from two 
hydrocyanic acids, and It will be seen later that 

similar derivatives of cyanic acid also exist in two forms, as if derived 
from the acids HO'C=N and HN:C: 0 . Two hydrocyanic acids or 
two cyanic acids have, however, never been prepared. It is the case 
with a large number of substances, that, although they not do exist in 
isomeric forms, they behave in different reactions as if they had two 
structural formulte, either of which could be assumed according to 
the conditions under which the compound is placed. Such compounds 
are said to possess tautomeric structures {pf. amides ; p. 648). 

From the fact that the chief product of the action of CH3I on KCN is methyl 
cyanide, it may be supposed that potassium cyanide is a salt of H'C • N. Silver 
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cyanide, on the other hand, mnst he a salt of Ag 'N i C, for the chief product of 
its reaction with methyl iodide is methyl isocyanide. 

400. Htdeoxy- axd Thio-Cyanogek Oousovms.—Cyanunc add, 
Ov fOH)„ is obtained by beating nrea till the melted mass solidifies 
agin; 3CO(NH,), = 3^^H3 + (CN)3(OH)3. The residue is washed with 
water, dissolved in potash, and the cyanuric acid precipitated by adding 
hydrochloric acid. A better yield is obtained by passing dry chlorine 
over urea kept in fusion by a gentle beat 

3C0{NH„)„ + CI 3 = 2 lS[H,Cl + HCl + N + (CN)3(0H)3. 

The residue is washed with cold water, and crystallised from hou 
water. Cyanuric acid crystallises in prisms containing 2Aq. It 
is insoluble in alcohol. It is a tribasic acid, forming salts in 
w'hich one, two, or three atoms of the hydrogen are replaced by 
metal. TrisodiuTn cyanuTote, (CN)3(OIIa)3, is insoluble in hot solu- 
tion of soda and forms a crystalline precipitate on heating solution 
of cyanuric acid mixed with excess of soda. Barium cyanurate, 
CyjOjHBa, is obtained as a crystalline precipitate by dissolving cyanuric 
acid in ammonia, and stirring with barium chloride. It has a 
great tendency to deposit on the lines of friction by the stirring- 
rod. The most characteristic test for cyanuric acid is ammoniacal 
cupric sulphate, which gives a violet crystalline precipitate containing 
Cy^(0H)^-03-0u(NH3)2. Silver cyanurate, Oy3(OAg)3 is obtained as a 
crystalline precipitate by adding ammonium cyanurate to silver nitrate. 

500. Cyanic acid, CyOH, is prepared by distilling cyanuric acid 
(dried at ioo°C.), and condensing in a receiver surrounded by a freezing 
mixture ; Cy3(OH)3 = 3CyOH. The cyanic acid. is a colourless liquid, of 
sp. gr. 1. 14 at 0° 0 ., which smells rather like acetic acid. It cannot be 
kept, for when the receiver is taken out of the freezing mixture it 
becomes turbid, and presently begins to boil explosively, becoming 
entirely converted in a few minutes into a white hard solid, known as 
cyamelide, which appears to be polymeric with cyanic acid, and may be 
reconverted into it by distillation. When cyanic acid is mixed with 
w^ater, heat is evolved, and the liquid becomes alkaline, from production 
of hydro-ammonium carbonate ; ON * 0 H + zHjO = NH^-HCOg. A com- 
pound of HCl and CNOH is obtained as a fuming liquid by acting on a 
cyanate with dry HCI gas. 

P otasmmi cyanate, KO ' ON, is prepared by passing gaseous cyanogen 
chloride into solution of potash, well cooled. 


Cl-CN + 2 KOH = KO-CN + KCl + H„0. 

It crystallises in- needles, which fuse when heated, and become meta- 
merised into the isocyanate. 

Potussixmi isocyanate, ov pseudocyanate,'K.'lSQ'. 0 , was formerly called 
potassium cyanate, but it is now believed to be the isocyanate since it 
has been found to give rise to alkyl isocyanates when heated with 
potassium alkyl sulphates. It is formed when the cyanide is oxidised 
by fusion in contact with air or with metallic oxides. It maybe pre- 
pared by oxidising potassium ferrocyanide witb potassium dichromate, 
h our parts of perfectly dried ferrocyanide are intimately mixed with 
3 paits ot potassium dichromate; the mixture is thrown, in small 
portions, into a porcelain or iron dish, heated sufiiciently to kindle it, 
\\ hen the whole has smouldered and blackened, it is allowed to cool 
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introduced into a flask, boiled with strong alcohol, and filtered hot ; 
the isocyanate crystallises out on cooling, and the mother Hquor may 
be employed to extract a fresh portion. Potassium isocyanate crystal- 
lises in plates; it is decomposed by moist air into hydropotassium 
carbonate and ammonia ; K* NO : 0 -f = KHCO3 + It is very 

soluble in water, but the solution soon decomposes, especially if heated, 
into potassium and ammonium carbonates — 

2(K-NC;0) -f 4H,0 = C0(0K)2 CO(ONH,)„. 

If the freshly prepared solution be mixed with dilute acetic acid, a 
crystalline precipitate of dihydropotassium cyanurate is obtained; 
3E:N00-f2H0aH30 = K;H3C3N303 + 2K0C3H30. Solution of potas- 
sium isocyanate effervesces with sulphuric and hydrochloric acids 
evolving carbon dioxide, together with some pungent vapour of cyanic 
(or isocyanic) acid, and leaving ammonium sulphate or chloride in 
solution. 

Ammonium cyanate, is prepared by mixing vapour of 

cyanic acid with ammonia gas in excess, when it is deposited in minute 
crystals, which efiervesce with acids, evolving CO„. If the cyanate is 
kept for some time, or if its aqueous solution be boiled, it no longer 
effervesces with acids nor evolves ammonia with cold potash, having 
become metamerised into urea, (11113)200, having probably first changed 
into the isocyanate. 

Ammonium isocyanate, lSrH4‘NC;0, is formed when potassium iso- 
cyanate is decomposed by ammonium sulphate. By employing strong 
solutions and cooling artificially, the bulk of the potassium sulphate 
may be crystallised out. The isocyanate has not been crystallised, for, 
when its solution is evaporated, it metamerises into urea ; hJ NO : 0 = 
(NH,)2C0 (p. 650). 

501. Thiocyanic acid, HSCN {sulphocyanic),is, obtained by decomposing 
mercuric thiocyanate with hydrogen sulphide. It is a colourless pungent 
liquid, boiling below 100° 0., being then decomposed into hydrocyanic 
and persidjjhocyanic acids; 3CySII = HOy -f OyjSgH,. It mixes with 
water, but the solution soon decomposes — 

3 HSCN + 6H„0 = OS, + H„S + NHjHCOj -f (NHJ 2 CO 3 . 

Thiocyanic acid and the thiocyanates give an intense blood-red colour 
with ferric salts, producing ferric thiocyanate ; the I’ed colour is 
bleached by mei’curic chloride, which distinguishes it from ferric acetate 
and meconate. 

, Potassium thiocyanate, sulphocyanaie, or sulphocyanide, KSON, is pi’e- 
pared by fusing dried potassium ferrocyanide (3 parts), potassium 
carbonate (i part), and sulphur (2 parts), at a low red heat, in a clay 
crucible. The cooled mass is extracted by hot water, evaporated, and 
the residue boiled with alcohol, which deposits the thiocyanate on cooling. 
KCy is formed by the reaction between the ferrocyanide and the 
carbonate (p. 669), and combines with the sulphur. The thiocyanate 
maybe obtained by direct fusion of potassium cyanide'with sulphur, or 
by boiling sulphur with solution of the cyanide. Potassium thiocyanate 
forms prismatic crystals, which are deliquescent and very soluble in 
water, producing great reduction of temperature. It fuses easily, be- 
coming a dark blue colour, which fades on cooling ; it burns when heated 
in air, potassium sulphate being produced. "When hydrochloric acid 
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is added to a strong solution of potassium thiocyanate, a yel ow 
precipitate of persulphocyanic acid is obtained this may be crystal- 
lised from hot water, and yields a yellow precipitate oi lead persul- 
pliooyanate, PbOy^, ^^h lead nitrate. When heated with sulphuric 
acid mixed with an* equal volume of water, potassium thiocyanate 
yields carbon oxysulphide, an offensive gas which burns with a. blue 
flame ; KSON q- -1- H^O = KHSO^ + NH,HSO, + COS. 


Potassium isotldocyanate, K-NCS, is obtained by heating persulphocyanic acid 
(p. 682) with alcoholic solution of potash. It forms crystals which are soluble 
in water ; the solution does not give the red thiocyanate reaction with ferric salts. 
It is converted into normal thiocyanate by boiling or fusing. 

Pertliiocyanogen^ or pseudosulpliocyanogen, CgNgSgH, is obtained as a yellow 
precipitate when potassium thiocyanate is heated with potassium chlorate and 
hydrochloric acid. It is used in dyeing (canarin). 

Sodium thiocyanate occurs in saliva. Ammonium thiocyanate is prepared by 
acting on carbon disulphide (7 parts by weight) dissolved in alcohol (30 parts) 
with strong ammonia (30 parts). After standing for a day or two, with occasional 
shaking, until all the CS^ has dissolved, the red solution is distilled down to one- 
third of its bulk, when it becomes colourless, filtered if necessary, and allowed to 
crystallise; CSj+4NH,=CNS'NH^-f (NHj)2S. It is also made on a large scale 
by boiling sulphur with the solution of ammonium cyanide from the gasworks. 
It crystallises like the potassium salt, and is very soluble in water, producing 
great cold. When heated, it fuses easily, and at 170° C. is metamerised into thio- 
carlamide (p. 652). 

The action of a high temperature upon ammonium thiocyanate yields melam, 
(05N3),{NHj)^NH ; 6(CNS -NH,) = CeHgN,, + sH,S ■+ NH^HS. When melam is boiled 
with potash, its gives a base, melamine or cyanuramide, C3N5(NHj)i, and potassium 
ammelide, from which acids precipitate ammelide, C3N3‘NH2{OH)5, which is in- 
soluble in water, alcohol, and ether, and is converted into potassium cyanurate by 
boiling with strong potash ; C3N3-NH3(0H)3+2K0H=C3N3’0H(0K)2+NH,+H,,0. 
By boiling melamine with hydrochloric acid, it is converted into ammeline hydro- 
chloride; C3N3(NK,)3 + 2HCl + H30 = C3N3(NH2)„0H,HCl+NHjCl. 

The final result of the action of a high temperature upon ammonium thio- 
cyanate, persulphocyanic acid, perthiocyanogen, melam, melamine, and ammeline, 
is a light yellow insoluble body called mellone, 03N3(NH)3C3N3, which is gradually 
converted into cyanuric acid by boiling nitric acid. When potassium thio- 
cyanate is strongly heated, out of contact with air, it evolves CSj, and leaves a 
residue of K„S and potassium mellonide, KjCgN,,, which may be obtained from hot 
water in crystals with 3Aq. By decomposing this with AgNO,, silver mellonide, 
■^g'sCoNij. is precipitated, and, when treated with H„S, yields hydromellonic acid, 
H30„N,,, which is decomposed by heat into ammonia *and mellone. 

Lead piiocyanate, Pb(CyS)^ forms a yellow crystalline precipitate when lead 
acetate is stirred with potassium thiocyanate. 

_ Silver thiocyanate, AgCyS, is a white precipitate, very insoluble in water and 
in nitric acid, and sparingly soluble in ammonia. 

Mercuric thiocyanate, Hg(CyS)j, is obtained as a crystalline precipitate on 
stirring mercuric chloride with potassium or ammonium thiocyanate. It 
a racted much notice formerly as the toy called Pharaoh’s serpent, which was a 
smau_ cylinder of the thiocyanate mixed with gum, which burnt when kindled, 
evo ving mercury and other vapours, and swelling to a bulky vermiform mass of 


n thiocyanate,^ CQ„(CyS)j, precipitated by potassium thiocyanate from 

insoluble in water and in cold dilute acids, so that copper 
IS somehmes precipitated in this form in quantitative analysis. 

sidphule, Cy„S, is obtained by decomposing cyanogen iodide, 
dissolved in ether, with silver thiocyanate; CyI+AgCyS=Cy„S + All. It is a 

soluble in’ alLhol fnd etherfhlt decomposed 
bi V ater ; potash converts it into cyanate and thiocyanate. 

Iho'^phorus tricpiude, CyjP, is sublimed in tabular crystals from a mixture of 
some hours, and distilled in a current of CO.. It inflames at a very low tempera- 
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ture, and is decomposed by water into hydrocyanic and phosphorous acids; 

Cy^P + 3HOH = sCyH + P(OH),. 

Uyanamide, HjK • CN, may be obtained by fusing urea with sodium — 

■ (NH„)„CO + Na = H„N-CN + NaOH + H, 

The mass is dissolved in water, arnmonia added in excess, and silver nitrate, 
which gives' a yellow precipitate of Ag„N ‘CN ; this is washed, dried, covered with 
ether, and decomposed by H„S, when Ag^S and H„N‘CN are produced, the latter 
dissolving in the ether, from "which it may be crystallised. 

Oyanamide may also be prepared, like other amides, by acting on ammonia, 
dissolved in ether, with gaseous cyanogen chloride — 

2NH3 + CN-Cl = H„N-CN. + NH^Cl. 

Another reaction which furnishes it is that between sulpho-urea (p. 652) and 
mercuric oxide ; (NH„).jCS + HgO = H„N‘CN + HgS + H„ 0 . Oyanamide forms crys- 
tals soluble in water," alcohol, and ether. HCl passed into its ethereal solution 
gives crystals of •CN,2HC1. Nitric acid converts it into urea nitrate — 
H„N-CN + H „0 + HNO3 = H„N-C 0 -NH„,HN 03 . 

When heated, cyanamide fuses at 40° C., and is converted into melamine (v.s.). ■' 

Dicyanimide, HN(CN)„, is produced by the action of potash on solution of 
potassium cyanate; 3K0CN-t-H„0=(K0)„C0-f KOH-fHNi'CN);. On neutralis- 
ing the solution with HNOgand adding AgNOj, a precipitate of AgNiON), is' 
obtained. Potassium isocyanate, K'NOO, does not yield dicyanimide. ■ 

Ohrysean, CjH3S„N3, is obtained by covering potassium cyanide with water, in a 
flask, and saturating with H3S gas; 4KCN-(- 5638 = 0, HjSjNj-f-aKjiS-fNH^HS. It 
crystallises from boiling water in golden needles, soluble in alcohol, ether, acids, 
and alkalies. Its alcoholic solution is red, and changes to a fugitive green on, 
adding 3, little alkali, 

503. Alkyl cyanates and isoqjanates. — Methyl cyanate, HjO’O’ON, is prepared by 
passing gaseous cyanogen chloride into a well-cooled alcoholic solution of sodium 
methoxide; 01’0N-fH3C‘0 Na=01Na-i-H30‘0-0N. Itis left, after distilling off 
the alcohol, as a lif]uid which soon polymerises to a cfystalline mass of methyl 
cyanurate, 

Ethyl cyanate (cyanetholin), HjCo'O'CN, is obtained in a similar way, and also 
polymerises easily. When distilled with potash, it yields alcohol and potassium 
cyanurate ; 3(H303-0-CN)-f 3KOH = 3,H3a-OH) -Hi;303(CN)3. 

Methyl isocyanate, or methyl carhimide, HjC'NCrO, was formerly regarded as the 
normal cyanate, being obtained by distilling potassium methyl sulphate with 
potassium cyanate; KCH3bOj-fK-0'CN=H3C’NC:0 + K„S04, It is also obtained, 
by oxidising methyl isocyanide with mercuric oxide ; 

H30-NC 4- HgO = HsC-NC.-O + Hg. 

It is a volatile liquid (b. p. 44° C. ) with a suffocating odour. When distilled 
with potash, it yields methylamine, showing that the methyl is attached to the 
nitrogen, and that the compound is the isocyanate; H3C’N'C0-f2K0H= 
HjC'NHo-fOOlOK)^. Ammonia gas converts methyl isocya-uate into methyl urea 
(H„C'NC:0-I-NH3=NH2’NHCH,’C0) resembling urea itself. 

Eimethyl urea, (NH'CH,)^©, is formed by the action of water on methyl iso- 
cyanate ; 2(H3C-NC:0)-f H ,,0 = (NH-CH3).,C0 + C 0 ,.. 

Ethyl isocyanate, ov ethyl carhimide, H^Cj'NC:©, is prepared like the methyl com- 
pound, which it resembles. Its sp. gr. "is 0.9 and it boils at 60° C. .It yields 
ethylamine when distilled with potash, and triethylamine with sodium ethoxide;' 
HjCo-NC : 0 -1- 2(C„H3- ONa) = (H,C„)3N + CO(ONa)„. 

Ethyl urea, NHo'NHC^Hj'CO, diethyl urea, (NHCJl5)„CO, and triethyl urea 
(NHC„H,,)N(C„H5)„'C0, have been obtained. 

2htliyl-ethylurea, (NHCHglNHCoH^'CO, is formed by the action of methylamine 
on ethyl isocyanate ; H3C„-NC:0-tNH„CH3=(NHCH3)NHC,,H3-C0. 

504. The isothiocyanates of the hydrocarbon radicles are called 
mustard oils or thiocarhimides. Allyl isothiocyanate, H^Oj’NCS, is the 
essential oil of mxistard, obtained by grinding black mustard seeds with 
water, and distilling. It does not exist in the seed, but is produced by 
the decomposition of 2^otassium myronate contained in the seed, induced 
by a peculiar ferment called myrosin, which causes the myronate to 



the mustard-oil reaction. 


68 ! 


split up into tlie essence of mustard, gluc^e, and hydropota^ium sul- 
ptote f K0,.H„NS,0,. - H.C.-NOS + C.H„0. + KHSO, The eeed 

yields about 0.5 per cent, of the oil. . , » , u a 

The potassium myronate maybe obtained from ground mustard by 
rendering tbe myrosin inactive by boiling alcohol, and then extracting 
V7ith cold water, which dissolves the myronate. The solution is 
evaporated to a small bulk and mixed with alcohol, which precipitates 
the potassium myronate. The free acid is not known, bemg very 

Myrosin is prepared by extiucting ground white mustard with cold 
water, evaporating the filtrate to a syrup below 40° C., and adding 
alcohol in small quantity, when the myrosin is precipitated. It is a 
body somewhat resembling albumin, being coagulated and rendered 
inactive by heat. Its aqueous solution, when added to potassium 
myronate, causes it in a few minutes to smell of mustard and become 
acid ; it also becomes turbid from the separation of small globular cells 
like those of yeast. Myrosin occurs in other plants than mustard, 
such as the radish, rape, cabbage, and swede, all belonging to the same 
natural order as mustard (Cruciferce). Mignonette root furnishes phenyl 
ethyl mustard oil, or phenyl ethyl isothiocyanate. 

Essential oil of mustard has sp. gr. 1.017, and boils at 150° C. It is insoluble in 
water, but dissolves in alcohol and ether. It is the cause of the pungent odour 
of mustard paste and of its power to redden and irritate the skin. It is slowly 
decomposed by light, depositing a yellow precipitate. When heated with water 
at 100“ C. for some time it loses sulphur and becomes crotono-nitrile, CjH,'CN, 
which is present in considerable quantity in commercial mustard oil. When 
mustard oil dissolved in alcohol is acted on by HCl and Zn, it yields allylamine ; 
H.,C3-NCS-rH,=H5C3*NIL-{-HCHS {formic ihxo-aldehyd). By mixing mustardoil 
with ammonia and passing ammonia gas, ani/l-thio-urea, or thio-sinnamine, 
NHj’NH(C3Hj)-CS, is obtained, forming prismatic crystals soluble in water, 
alcohol, and ether, and having a bitter taste. It is a weak base. When heated 
with lead hydroxide, it loses H^S, and becomes alli/lcyanamide, CN, which 

afterwards polymerises into sinnamine, or tri-allyl melamine, (NHC3H5)3(CN)j. 
This is a strongly alkaline ba.se. 

If allyl bromide be decomposed by ammonium thiocyanate, at a low tem- 
perature, alhjl thiocyanate, HjCj' SON, is formed, which has no smell of mustard. 
When this is heated, it boils at 16 C., but the boiling point soon falls, and a 
st’-ong smell of mustard is perceived. When the boiling point has reached 
149° C., _the whole distils over as allyl isothiocyanate, H^Oj’NCS, or mustard oil. 
Allyl thiocyanate, decomposed by potash, yields potassium thiocyanate and aUyl 
alcohol ; HjCj'SCN-fKOH = HjGj'OH + K'SGN ; aUvl isothiocvanate gives ally- 
lamine; H3C,-NCS-{-4K0H = H5G3-NH„+]LS4-C0(0k),-fH„0. * 

Mustard oil is also obtained artificiaUy br distilling allyl iodide (p. 615) with 
potassium thiocyanate; +KSCN=C3H3-NCS-f KI. When ethyl iodide is 
treated in the same way, ethyl thiocvanate, C.Hj.SGN is obtained. To obtain 
the ethijl isoihiocyanate, or ethyl mustard oil, o'r ethjl thiocarbimide, C„H,-NGS, 
ethylamine dissolved in alcohol is digested with carbon disulphide, distilled 
n^rly to d^ness, and the residue in the retort boiled with solution of mercuric 
chloride. All primary amines yield the corresponding mustard oils when treated 
m this inanner, and, since the odour is quite characteristic, the treatment with 
carbon disulphide and mercuric chloride is known as the mustard-oil test for 
primary bases. •' 

The mustard-oil reaction is easily explained. When CO . is combined with dry 
ammonium carbamate is formed ; carbamic acid being GO(OH)(NH,'), tbe 

If substituted for CO„ (the CS„ 

ployed in alcoholic solution), ammonium tldocarlamate is produced — 

CS. -1- 2NH3 = CS(SNH,)(NH3). 

When ethylamine is used instead of ammonia, the product is ethyl-ammonium 
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ethyl-tJiiocarlamate ; CS2 + 2NH„(02H5) = CS‘SNH3(C„H5)NH(C2H5). On decompos- 
ing this with mercuric "chloride, it yields the corresponding mercuric salt, which 
is decomppsed, by boiling with water, into ethyl isothiocyanate, mercuric sul- 
phide and hydrogen sulphide ; Hg(CS'S‘NHC„HJ„=HgS + H„S + 2C„H^N0S. 

When mustard oil is heated with potassium sulphide, it yields di-allyl sulphide, 
(03115)28, which is the essential oil of garlic. 

Butyl isotliiocyanate, C^Hg'NCS, is the essential oil of scurvy-grass, another 
cruciferous plant, and is sometimes sold as mustard oil, but it has a higher 
boilipg point, 160° C. 


505. Fidminates . — The salts known as fulminates are prepared from 
the fulminates of mercury and silver, obtained when those metals are 
treated with nitric acid and alcohol. 


Mercuric fidmimite Hg' \ 


is prepared on a small scale, 


with safety, by carefully observing the following directions : — Dissolve 
25 grs. (or 1.6 grm.) of mercury in half a measured ounce (or 14 c.c.) 
of ordinary concentrated nitric acid (sp. gr. 1.42) in a half-pint beaker, 
covered with a dial-glass ; the solution may be allowed to take place in 
the cold, or it may be accelerated by gently heating. The solution 
contains mercuric nitrate, nitric acid, and nitrous acid. When all the 
mercury is dissolved, remove the beaker to a distance from any flame 
and pour into it, at arm’s length, 5 measured drachms (17.5 c.c.) 'of 
alcohol (sp. gr. 0.87). Very brisk action soon begins, and the fulminate 
separates as a crystalline precipitate ; dense white fumes pour over the 
sides of the beaker, having the odom’S of nitrous ether and aldehyde ; 
they also contain mercury compounds and hydrocyanic acid, and ai-e 
very poisonous. When red fumes begin to appear abundantly, some 
water is poured in to stop the action (which occupies only two or three 
minutes), and the fulminate is collected on a filter, washed with water 
as long as the washings taste acid, and dried by exposure to air. 


.On a large scale the preparation is carried out under sheds. At Montreuil, 
300 grammes of mercury are dissolved in 3 kilogrammes of colourless nitric acid, 
ofsp.gr. 1.4, in the cold. The solution is transferred to a retort, and 2 litres 
of strong alcohol are added. In summer no heat is required, and the vapours 
are condensed in a receiver and added to a fresh charge. When the action has 
ceased, the contents of the retort are poured into a shallow pan, and, when cold, 
the fulminate is collected in a conical earthen vessel partially plugged at the 
narrow end. It is washed with rain-water, and drained until it contains 20 per 
cent, of water, being stored in that state. 

Mercuric fulminate, thus prepared, has a grey colour from the presence of 
finely divided mercury, and sometimes contains mercuric oxalate. It may be 
purified by dissolving it in 100 parts of boiling water, which leaves the metal 
and the oxalate undissolved, and deposits the fulminate on cooling in lustrous 
white' prisms. It should not be kept in a stoppered bottle, as it would easily 
detonate by friction between the stopper and the neck of the bottle. The blow 
of a hammer causes it to detonate sharply with a bright fiash and grey fumes of 
mercury ; HgC2N202= Hg -f 2"C0 -1- N„. It is also detonated by being touched with 
a wire heated to 195° C., or by an electric spark, or by contact with strong sul- 
phuric or nitric acid. Its sp. gr. being 4.4 a small volume of it evolves a large 
volume of gas ; according to the above equation, the gas and vapour would occupy 
niore than 1 340 times the volume of the solid, at the ordinary temperature, and 
the volume at the moment of detonation would be much greater, because the 
fulminate evolves 403 units of heat (per unit) in its decomposition, and this 
would expand the evolved gases and greatly increase their mechanical effect. It 
is estimated that a pressure of 48,000 atmospheres is thus produced. 

The explosive nature of the fulminate is due to its containing an oxidising 
group (Hg linked' to O) and a cyanide group (Hg linked to'CN), for, as is well 
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known, the cyanides KCy) form explosive mixtures with oxidising- agents 

^""fhe^fSi^oTmLuric fulminate has not been clearly explained ; when 
nitric acid acts on alcohol, several products are obtained, among which are 
Sous Sd Sising from the reduction of nitric acid, and some hydrocyanic 
acid The formation of the cyanogen group may be explained by the ^n^e°cy 
of nitrous acid to substitute N for H3 in organic compounds, and it might be 
expected that the action of nitrous acid on alcohol would be— 

CH 3 -CH„ 0 H + 2HNO3 = {CN){CN )0 + 4H3O 
-hnf the otoud rCNloO appears to be too unstable to exist separately ; the same is 
Se cSe^Sihe Sreg^inding hydrate, (ONWOH)^; but it has been seen that 
mercurv and silver much increase the stability of cyanogen compounds, so that 
bv substituting Hg" or Ag„ for the H„ in the above formula, a more stable body 
is produced The production of mercuric fulminate by the action of nitrous acid 
(formed by the reduction of nitric acid by mercury or alcohol) and mercuric 
nitrate upon alcohol may he plausibly expressed by the equation— 

OHj- CH„OH + 2HNO3 + Hg"0„(N03)3= ON • CN(Hg" 0 „)'' + 3H3O + 2(H0 -NO.,). 

The formula (CN)„(OH)„ represents the hypothetical fulminic acid, w'hich would 
stand between cyanic acid, ON • OH, .and cyanuric acid, (CN)3(OH)3. 

- When mercuric fulminate is dissolved in strong hydrochloric acid, it yields 
mercuric chloride, formic acid, and hydroxylamine hydrochloride (or hydroxyl- 
ammonium chloride). The reaction may be represented in two equations, the 
first representing the formation of the mercuric chloride and unstable fulminic 
acid, Hg0..(CN)„+2HCl=(H0)„(CN)„+HgCl2. The fulminic acid then reacts with 
water, exchanging its N'" for H'O", and becoming formic acid— 

(CNljlOH), + 4HOH = 2HG0bH .+ 2NH„(0H)'. 

If the mercury be precipitated as sulphide by HjS, and the filtered solution 
evaporated, the hydroxylamine hydrochloride will be left. This is the best pro- 
cess for preparing that salt. If dilute hydrochloric acid be employed, hydro- 
cyanic acid and carbonic acid are produced together with hydroxylamine — 

(CN)3{0H)3 -f- 2HOH = CO(OH)j -f CN-H NH„(OH). 

When decomposed by ILS mercuric fulminate yields sulphocyanic acid, 
ammonia, carbon dioxide, and sulphur, which forms HgS. Boiled with dilute 
sulphuric acid, it yields mercurous sulphate, formic acid, and carbon dioxide. 

Bromine acts on mercuric fulminate, producing mercuric bromide and the ' 
compound Br„CN' 0 ’NC 0 , isomeric with dibromonitroacetonitrile, Br„'NO..‘C'CN 
(acetonitrile, or methyl cyanide, is HaC-CN). This formerly induced the belief 
that mercuric fulminate was the mercury nitroacetonitrile, HgNO„C‘CN. When 
excess of bromine acts upon mercuric fulminate, in an alkaline solution, it yields 
cyanogen bromide and bromopicriu or nitrobromoform ; the action may be repre- 
sented in two stages — 

(I) HgO(ON)jO -f- aBrj = HgBr„ + BrjCN-O-NCO; 

■(2) BrjCN'O'NCO -f Br, = BrCN -f BrjC'NO.^ (nitrobromoform). 

. Chlorine acts in a similar manner, producing chloropicrin, or nitrochloroform 
(CljC-NOj). As these bodies are derivatives of methane, (HjC-H), it was at one 
time believed that mercuric fulminate had the constitution Hg"(CN)'(NO„)'Cw. • 
Cap composition.—The explosion of mercuric fulminate is so violent and ra!pid 
that it is_ necessary to nioderate it for percussion caps. For this purpose it is 
mixed with potassium nitrate or chlorate, the oxidising property of these salts 
possibly causing them to be preferred to any merely inactive substances, since they 
would tend to increase the temperature of the flash by burning the carbonic oxide 
diomde, and would thus insure the ignition of the cartridge. In the 
military caps, in this country,^ potassium chlorate is always mixed with the 
fulminate, a,nd powdered glass is sometimes added to increase the sensibilitv of 
the mixture to explosion by percussion. Antimony sulphide is sometimes substi- 
tuted for powdered gl^s, apparently for the purpose of lengthening the flash bv 
teking advantage of the powerful oxidising action of potassium chlorate upon 
that compound (p. iSo). Since the composition is very liable to explode under 
faction. It IS made m small quantities at a time, and without contact with anv 
hard substance. After a little of the composition has been introduced into the 
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cap, it is made to adhere and waterproofed by a drop of solution of sliell-lac in 
spirit of wine. 

If a thin train of mercuric fulminate be laid upon a plate, and covered, except 
a little at one end, with gunpowder, it will be found, on -touching the fulminate 
with a hot wire, that its. explosion scatters the gunpowder, but does not inflame 
it. On repeating the experiment with a mixture of lo grains of the fulminate 
and 15 grains of potassium chlorate, made upon paper with a card, the explosion 
will be found to inflame the gunpowder. 

By sprinkling a thin layer of the fulminate upon a glass plate, and firing it with 
a hot wire, the separated mercury may be made to coat the glass, so as to give it 
all the appearance of a looking-glass. 

Although the effect produced by the explosion of mercuric fulminate is very 
violent in its immediate neighbourhood, it is very slightly felt at a distance, and 
the sudden expansion of the gas will burst fire-arms, because it does not allow 
time for overcoming the inertia of the ball, though, if the barrel escape destruc- 
tion, the projectile effect of the fulminate is found inferior to that of powder. 
It has been proved by experiment that the mean pressure exerted by the explosion 
of mercuric fulminate is very much lower than that produced by gun-cotton, and 
only three-fourths of that produced by nitroglycerine. Its great pressure is due 
to its instantaneous decomposition into CO, N, and Hg vapour within a space not 
sensibly greater than the volume of the fulminate itself, which volume being very 
small, on account of the high density of the fulminate, the escaping gases exert 
an enormous pressure at the moment of explosion. This detonating property of 
mercuric fulminate renders it exceedingly useful for effecting the detonation of 
gun-cotton and nitroglycerine. Berthelot finds that even such stable gases as 
acetylene, cyanogen, and nitric oxide are decomposed into their elements by the 
detonation of mercuric fulminate. CSj is similarly decomposed (p. 235). 

Silver fulminate, (CNIjCOAg),, is prepared in a similar way to the mercury 
salt. Ten grains (or o-6's grm.’) of silver are dissolved, by gently heating, in 
70 minims (or 5 c.c.) of ordinary strong nitric acid (sp. gr. 1.42) and 50 minims 
(or 3.5 c.c.) of w'ater. As soon as the silver is dissolved, the lamp is removed, and 
200 minims (or 14 c.c.) of alcohol (sp. gr. 0.87) are added. If the action does not 
commence shortly, a very gentle heat may be applied until effervescence begins, 
when the fulminate will be deposited in fine needles, and may be further treated 
like the mercuric salt. In some cases a little red nitric acid is necessary to start 
the action. The copper in silver coin does not interfere with the preparation of 
the fulminate. It may also be obtained as a crystalline precipitate by warming 
solution of silver nitrate with nitric acid and alcohol until effervescence begins. 

Silver fulminate is far more dangerous than mercuric fulminate, and, if stored 
dry, should be wrapped up, in small portions, in paper. Even if wet, it is not 
safe in a glass bottle. When dry, it should be lifted with a slip of card. 

Silver fulminate crystallises in shining prisms, and is more soluble in boiling 
water (36 parts) than is mercuric fulminate ; it detonates sharply when pressed with 
a hard body, or when heated a little above 100° 0 . When touched with a hot 
wire upon a piece of glass or thin metal, it gives a sharp report and shatters the 
plate, whilst mercuric fulminate emits a dull sound, and does not shatter unless 
closed in. Silver fulminate is used in toy crackers, such as the pull craclcers, 
where it is mixed with powdered glass to increase the friction, and the throw- 
down crackers, where it is twisted up in thin paper with some fragments of quartz- 
pebble. It is occasionally mixed with mercuric fulminate in detonating tubes, to 
raise the note of the report. 

Warm ammonia dissolves silver fulminate, and deposits, on cooling, crystals of 
silver-ammonium fidminate, NHjO-CN-O’NCAg, which is even more violently ex- 
plosive, and is dangerous while still moist. A similar compound is formed with 
mercuric fulminate. Potassium chloride, added to a hot solution of silver ful- 
minate, removes only half the silver as precipitated chloride, and the solution 
deposits shining plates of silver-potassium fulminate, KO'CN’O-NCAg, -u^hich is 
very explosive. By the careful addition of nitric acid, the K may be replaced 
by H,'and the silver hydrogen fidminate, HO • ON' 0 'NCAg, obtained, which dissolves 
easily in boiling water and crystallises on cooling ; by boiling with silver oxide, 
it is converted into silver fulminate, or, with mercuric oxide, into silver-mercury^ 
fulminate. 

Zinc and copper fulminates may be obtained by decomposing moist mercuric 
fulminate with those metals ; they are soluble, crystalline, and explosive 
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ftorlinm fulminate Na0‘GN-0-NCNa*2Aq. is obtained by the action of sodium 
au^a S^on raqueous solution of mercuric fulminate. 90 evaporating over 
hme and sulphuric acid, the sodium salt is deposited m prisms which explode 
when rubbed. A crystalUne compound of single molecules of sodium fulminate 
£Liid mercuric fulminute, and. lias tieeii obtained. j. ■ 

FZLrk or isocuanuric laid, HO-NC{OC-NH) is obtained as a Pofassmta 
salt bv boiling mercuric fulminate with potassium chloride, po^assiim fulmm^e 
SngforSK; 2(KO),(CN)3+3H.O=KO-NC(OC-NH)„+KOH + K,C^ 

On adding silver nitrate, the sparingly soluble silver fulimnurate cry stylises out, 
and by decomposing this with H„S, and evaporating the filtrate, a solution of the 
acid is obtained ; it crystallises with difficulty, and is soluble in alcohol. 

men silver fulminuraie, Ag 0 -NC (00 -NH^^is heated with strong HCl, in a sealed 
tube at 110° C., it yields hydroxy lamine hydrochloride, NH/OH-HCl, correspond- 
ing with one-third of the nitrogen present, and ammonium chloride corresponding 
with the other two-thirds. The fulminurates are feebly explosive. It will be 
noticed that fulminuric acid is metameric with cyanuric acid, (CN)3{OH),i. 
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506. The phenols, or hydroxyhenzenes, are derived from benzene and 
its homologues by replacing the benzene-hydrogen atoms by hydroxyl — 
e.g., phenol, OgH/OH; oi’cinol, CgHjOHg" (OH), ; pyrogallol, CgH3{OH)3. 
If the hydroxyl is introduced into the methyl group instead of the 
phenyl group in the homologues of benzene (p. 532), an alcohol is pro- 
duced ; thus, OgHj' CH2(0H) is benzyl alcohol, whereas CgH^(OH) • CH^ 
is methyl phenol, or cresol. 

Phenols are distinguished from alcohols in combining more readily 
with alkalies, which caused them originally to be mistaken for acids. 
The phenolic hydroxyl is more acidic in character than the alcoholic 
hydroxyl, O5H5, &c., being more negative (acidic) than alcohol radicles ; 
it is less acid, however, than the carboxylic hydroxyl contained in the true 
acids. Thus, sodium phenoxide, CgHj'ONa, is formed when phenol is 
dissolved in NaOH, but not when phenol is dissolved in Na^COg. 
Again, they do not yield aldehydes (or ketones) and acids when oxidised, 
being comparable in this respect with the tertiary alcohols ; and when 
acted on by nitric and sulphuric acids, they yield substitution-products, 
whereas the alcohols yield ethereal salts; thus, phenol yields 
nitrophmol, or picric acid, 05H2(N02)3*0H, and phenol-mlphonic acid, 
*^cH 4(0H)‘S03'0H. The phenols have a great tendency to pi’oduce 
coloured products of oxidation, and ferric salts generally colour them 
intensely. 

The phenols are frequently products of the dry distillation of com- 
plex organic substances, e.g., coal. They are also obtained by fusing 
the sulphonic acids with alkalies ; thus, benzene sulphonic acid yields 
phenol ; OgHg- SOgOEl -b KOH = CgHg- OH -f- K^SOg. The formation of 
phenols through the diazo-reaction has been already noticed (p. 661). 
Another general method sometimes employed is the distillation of 
aromatic hydroxy-acids either alone or with lime (see Fyrogallol). 

507. Moxohtdric Phenols, or Monohtdeoxtbenzbnes. — Phenol or 
phenic acid, or carbolic add, or hydroxybenzenc, OgHg’OH, is extracted 
troin that portion of the heavy oil of coal-tar which boils between 
150 O. and 200° 0. 


This is allowed to cool, when it deposits crystals of naphthalene and is then 
weU stirred with caustic soda of sp. gr. 1.34. On standingftwo layers are formpd 
the upper consisting of the higher homologues of benzene, and the lower of ah 
aqueous solution of sodium phenoxide. This is diluted with watm, InA exposS 
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to air, when tarry oxidation-products separate, and the liquid is neutralised by 
successive additions of sulphuric acid, which first precipitates more tarry matters, 
then cresol and other homologues of phenol, and finally phenol itself as a light 
oil, which is purified by fractional distiUation, the portion distilling between 
180° C. and 190° 0 , being collected and artificially cooled, when the phenol 
crystallises out. 

Phenol is present in small quantity in urine, and in the trunk, leaves, and cones 
of the Scotch fir. It may be produced by the action of hydrogen peroxide on 
benzene; C5H5’H-fHO'OH = C5H5‘OH-(-HOH. Benzene may also be directly 
oxidised to phenol by mixing it with aluminium chloride and passing oxygen gas. 
Benzene-sulphonic acid, when distilled with fused potash, yields phenol — 
0,H5-S0,,-0H + KOH = CsH^'OH + KHSO3. 

Properties of phenol . — Plienol crystallises in needles, often several 
inches long, which smell strongly of coal-tar. It fuses at 42° C. and 
boils at 181° 0 . Fused phenol is slightly heavier than water 
(sp. gr. 1.084 0° C!.). It requires 15 parts of cold water to dissolve it, 

and dissolves easily in alcohol and ether. It becomes pink or brown 
when kept, from the presence of some impurity. When two molecules 
of phenol (198 parts) are heated with one molecule (18 parts) of water, 
and cooled to 4° 0., six-sided prisms of phenol aquate, (OgHj* 0H)2Aq, 
are obtained, which fuse at 16° 0 . (61° F.). The commercial carbolic 
acid p'ystals generally consist of the aquate, and soon become liquid 
when the bottle is placed in warm water. It has a great tendency to 
remain superfused after cooling, solidifying suddenly on opening the 
bottle. The homologues of phenol, which accompany it in coal-tar, do 
not form crystalline aquates. Carbolic acid blisters the skin imme- 
diately ; it is very poisonous, and ai’rests fermentation and putrefaction, 
so that it is largely used as an antiseptic. MaoDougalVs disinfectant is 
a mixture of phenol with calcium sulphite. Calvert's disinfecting qmod&r 
consists of clay, with 12 or 15 per cent, of phenol. 

When phenol vapour is passed through a red-hot tube, it yields 
benzene, toluene, xylene, naphthalene, anthracene, and phenanthrene. 
The aqueous solution of phenol gives a purple-blue colour -with ferric 
chloride. With ammonia and chloride of lime, it gives a blue colour. 
With the mixture of mercuric nitrate and nitrous acid obtained by 
dissolving mercury in cold nitric acid, it gives a yellow precipitate, 
which dissolves with a dark-red colour in nitric acid. 

Sulphuric acid (concentrated), to which 6 per cent, of potassium 
nitrite has been added, gives a brown colour, changing to green and 
blue, when gently heated with phenol. This is a general reaction for 
identifying phenols. 

Bromine water added to an aqueous solution of phenol produces a 
pale yellow precipitate of tribromopihenol, OgH^Erg- OH, which redissolves 
until the bromine is in excess. This affords an excellent qualitative and 
quantitative test for phenol. If the precipitate be warmed with water 
and sodium amalgam, sodium phenoxide is produced, which gives the 
smell of phenol when heated with dilute sulphuric acid. 

508. By passing phenol vapour over heated zinc-dnst, it is converted into 
benzene; CgHg'OH -f-Zn=C„Hg-t-ZnO. This is a. general method for the conversion 
of phenols into the corresponding hydrocarbons. 

Phenol forms a crystalline compound with COj. which is only stable under 
pressure, and may be obtained by heating salicylic acid in a sealed tube at 
260° C.; CgH^{OH)-CO„H=CgH5-OH,CO„. 

Potassium-phenol, CgHs'OK, is a soluble crystalline body obtained by heating 
phenol with potassium or its hydroxide or carbonate. 
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Sodium-phenol is obtained in a similar -way, and is used for the manufacture of 
salic^c acid (see p. 588). Other metals may replace the hydroxyl hydrogen of 

ori*, or akr. is obteinea by 

With aluminium chloride. Aluminium phenol is first formed ; 60 AOH + A1£I,- 
ro H 0) A1 +6HC1 ; this is afterwards decomposed into alumina and diphen^ 
oxide loflO) A1,=A1,0, + 3 (GsHs)„ 0. It forms prisms, fusing at 28 C. and 
Shng S about 250° O". It smells' like the geranium leaf, and is remarkable for 
its stability under the influence of oxidising and reducing agents. Water does 
not dissolve it, but alcohol and ether do so. , , ^ t, i 

Double ethers may be obtained which contain alcohol radicles and phenyl. 
Phemil-methyl ether, C.H^-O-CH,, is prepared by passing methyl chloride through 
sodium phenol at 200° C. It is a fragrant liquid, of sp. g_r. 0.991, boiling at 152 . 
This ether is identical with anisoilj obtained by distilling anisic amd (p. 5^“) 
with baryta. Methyl salicylate, or winter green oil, OgH^COH) •CO./CH3, is meta- 
meric with anisic acid, and also yields phenyl-methyl ether when distilled with 
baryta. Hydriodic acid heated to 140“ C. with anisdil, in a sealed tube, converts 
it into phenol and methyl iodide ; CgHjO • CHg -f HI = OgHj' OH + OH3I. * 

When ethyl salicylate is distilled with baryta, it yields phenyl-ethjl ether or 
p7ienefofl, CsH^-O-CoH^. This boUs at 172° C. 

509. Phenol is not acted on by acids, as alcohol is, yielding ethereal salts, but 
corresponding phenyl compounds are obtained by indirect processes. When 
phenyl is heated with phosphoric chloride, it yields chlorobenzene and phenyl 
orthophosphate ; the formation of chlorobenzene proves the existence of hydroxyl 
in phenol-, C6H5-0H-i-PCl3=P00l3 4-C8H5-Gl-l-HCl. The phenyl orthophosphate 
results from the action of more phenol upon the phosphoryl chloride — 

POCI3 -I- 3CAOH = P0(C3H,0)3 + 3HCI. 

Phenyl hydrosulphide, or thiophenol, or phenyl mercaptan, C^H^’SH, is formed by 
the action of phosphoric sulphide on phenol — 

8C3H3OH -t- P3S3 = aC.H^SH +:2(C,H3)3P0, + 3H.,S.' 

It has an oSensive odour, and boils at 168° C. Its extra-radicle hydrogen is 
replaceable by metals, as usual with mercaptans. With mercuric oxide, it yields 
mercuric thio-phenol, (OeH5S)2Hg, When mixed with ammonia and exposed to air, 
phenyl hydrosulphide is converted into diphenyl disulphide, a crystalline solid ; 
20gH5SH-f0 = (C5H5)„S2-(-H20. Biphenyl sidpkide, {C5H.ihS, is obtained by distil- 
ling sodium benzene-sulphonate with P^S^. It is an offensive liquid, boiling at 
about 280° C. Nitric acid converts it into diphenylsidphone or sulphobenzide, 
{C,Pi^„SOo, which is also produced by the action of sulphuric anhydride on 
benzeue ; 2C5H,H-i-2S03=(C5H5)2SO„-i-H2SOj. 

Hydroxydiphemjl or phenyl-phenol, C,,H5- CgH^OH, is obtained by distilling 
diphenylsulphonic acid, CgHj- GcH^SOjH, with potash. The disulphonic acid yields 
dihijdroxydiphenyl or diphenol, HG(C3H,)„GH. Rexahjdroxydiphenyl— 

is the parent of the quinone coerulignone, G : 03H„(0CH3)„-0,H3(0GH3)„ ; 0, which 
IS obtained among the products of distillation of wood ; it is insoluble'in ordinary 
so^ents, but c^stallises from phenol in blue needles. It was formerly called 
Mdnrei in allusion to its interlaced crystals {cedria, pitch ; rete, a net). Tin and 
HCl convert it into hydrocoendignone, HO-C3H3(0CH3)„-C3H„(GCH,)„- GH, which is 
colourless, and yields hexahydroxydiphenyl when boiled -with 'HCl. Hexa- 
nyaroxydiphenyl dissolves in potash with a blue colour. 

Ghlorophenols, CgH^CPGH.and the corresponding bromine and iodine sub- 
^tained by the action of those elements on phenol. 

C3H3(1^03)3-GH, and trinitrophenol, 
C H„(N0;)3 oh, are produced when mtnc acid acts on phenol. The last is known 

" C 6 H 4 (N 0 ) OH, 5is produced by a very indirect 

process. By reducing mtrophenols.with tin and HCl, the NO 3 group is converted 

her o™6tlioxy-?rolpf employed in doterminiug the nnm- 
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into the NH„ group, audLyamido-phenols are produced. Dinltro- and trinitro- 
phenols admit of a partial conversion of the NO„ groups, so that amido-nitro- 
phenols are found. The antipyretic p/ienncetine is a derivative of i:4-amido- 
phenol and has the formula G„H/0C,,H5)(NHCH3C0). 

51 1. Picric or carhazoiic add, or irinitropJmol, CgIl2(]SrOj)jOH, is 
best prepared by dissolving phenol (i part) in strong sulphuric acid 
(i part) and adding the solution of phenol sulphonic acids thus ob- 
tained to strong nitric acid (3 parts) by degrees. When the violent 
action is over the mixture is heated on the water-bath as long as much 
red gas is disengaged. On cooling, a crystalline mass of picric acid is 
obtained, which is purified by dissolving in boiling water, filtering, and 
crystallising. It is deposited in yellow plates or prisms, which are 
sparingly soluble in cold water, but more easily on heating, imparting a 
bright yellow colour to a large volume of water ; alcohol dissolves 
it readily. Its solution has an intensely bitter taste (whence its 
name), and stains the skin and other organic matters yellow, which is 
turned to account in dyeing silk and wool. When heated, the crystals 
fuse at 122° 0., with partial sublimation, and explode slightly at ahigber 
temperature, in consequence of the sudden formation of gas and evolu- 
tion of heat by the action of the NO, upon the C and H. The conver- 
sion of phenol into picric acid by "the action of nitric acid may be 
represented by the equation — 

C.Hs'OH + 3(H0-N0,) = C„H„{N0„)30H + 3HOH. 

Picric acid is one of the very few acids which form sparingly soluble 
potassium salts ; a cold saturated aqueous solution of picric acid is even 
a better test for potassium than is tartaric acid, giving, especially on 
stirring, a yellow adherent crystalline precipitate of potassium picrate, 
CgKoi^O^^O'K. This salt explodes violently when heated or struck, 
and has been used as an explosive. Ammoniv/m picrate is also a very 
explosive salt. Picric acid precipitates several of the alkaloids. An 
alcoholic solution of picric acid forms crystalline compounds with several 
hydrocarbons in alcoholic solution, particularly with benzene, naphtha- 
lene, and anthracene. Reducing-agents, such as glucose, in alkahne 
solutions, convert picric acid into picramic acid, 06B[2(N0j),(NII,)0H, 
which forms red salts. Gently heated with solution of chloride of lime, 
picric acid yields chloropicrin, or nitrochloroform, C(N0,)0l3, recognised 
by its pungent tear-provoking odour. 

Picric acid is a very common product of the action of nitric acid 
upon organic substances ; indigo, silk, and many resins furnish it in ' 
considerable quantity, especially the fragrant red resin known as 
Botany Bay gum, obtained from one of the grass-trees of New South 
Wales, which is sometimes used for preparing picric acid. It is said 
that picric acid is used as a hop-substitute in beer ; its presence would 
be shown by the fast yellow colour imparted to a thread of white wool 
soaked in the warm liquid. 

The constitution of picric acid is expressed by the orientation [OH ; {N02)3= 

I : 2 : 4 : 6] ; this follows from the fact that it can be obtained by oxidising 
symmetrical trinitrobenzene with potassium ferricyanide, a change which results 
in the substitution of an hydroxyl group for a hydrogen atom. A' little 
consideration will show that this hydroxyl group can only take up a position 
between two nitro-groups, if the trinitrobenzene is the symmetrical one 
(P- 530 ). 

512. Picramic acid, or amido-dinitrophenol, is prepared by 

reducing ammonium picrate in alcoholic solution by passing hydrogen sulphide, 


J 
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evaporatins to dryness, and decomposing the ammonium picramate with acetic 
adrCHfN0V0NH/+3H.S = C„H,(No5e(NH„)0NH,+2H„0 + ^ Thepicramic 
acid ’crystallises in red needles, which fuse at 165° C. It is soluble in water and 
alcohol, "^forming red solutions, which become blood-red on adding an alkah. Tte 
change of the yellow colour of potassium picrate to the dark red, of potassium 
picramate by the action of a reducing agent in the presende of excess of potash, 
is employed in the examination of urine for the detection and estimation of 
glucose, which easily converts the picrate into picramate when heated, ihe 
picramates of potassium and ammonium form dark-red crystals. Suver picramate 
is a red precipitate. The constitution of the acid is [(NOp^'NHo-OH ij. 

513. Phenol-sulphonic, C5H4(0H)S02OH, and plienol-disiuplionic acids 

C,H 3 ( 0 H)(S 0 , 0 H),, 

are obtained by dissolving phenol in strong sulphuric acid, SO„OH- OH. 

The sodium salt of di-iodo-[para)phenol-sulphonic acid, CgH„LOH'SOoOH, has 
lately been introduced under the name of sozoidol, as an antiseptic ; it is said 
to be as effective as iodoform, and has no smell. 

514. Gresols, or methyl-phenols, or hydroxy toluenes, CgH^(CIl3)OH, 
accompany phenol in coal-tar. The coal-tar kreasote is a mixture of 
phenol and cresol. The cresols may be prepared by dissolving the cor- 
responding toluidines in sulphuric acid, adding potassium nitrite, and dis- 
tilling hy steam ; C3H,(OH3)NH, + HNO, = C,HXOH3)OH -f 2H„0 -f K,. 

Orthocresol is solid, fuses at 31° C., and boils at 188“ 0 . MeUicresol 
is liquid, and boils at 201° 0 . Paracresol is solid, fusing at 36° C., 
and boiling at 198° 0.; they are metameric with benzyl alcohol, 
CgHj'CHj'OH. Paracresol occurs in urine, and is a product of the 
putrefaction of albumin ; its diuitro-derivative is a yellow dye, Victoria 
orange. Meta- and paracresol give a blue colour with ferric chloride. 


The presence of the OH group in the cresols protects the methyl group from 
the easy oxidation which characterises the methyl group of the toluenes. But 
the substitution of a radicle for the H of the OH group destroys the protective 
influence, and the methyl cresols C,H.(CH.)‘OCH,are easily oxidised to methoxy- 
benzoic acids, CgH4(GOOH)-OCH3. 

Oreoline and lysot are sold as disinfectants ; they are solutions of crude cresol 
in soap and water. 

Thymol [CHj : CH(CH3lj: 0 H= i : 4 : 3] occurs in oil of thyme. Carvacrol 
[CHj : C_H(CH3)2 : 0 H= i : 4 : 2] exists in the oil of Origanum liirtum, and is obtained 
by heating camphor with iodine. 

S^^S* Thapliihols, C,oH,'OH, are phenols from naphthalene, and are prepared 
from naphthalene sulphonic acids or naphthyiamines by the reactions described 
on pp. 661, 689. a.-Naphthol melts at 95° C. and boils at 282“ C. ; ^-Naphthol melts 
at 122 C. and boils at 285° 0 . The latter is the more soluble in water, and is 
used as an antiseptic.* • The naphthols are true phenols, but they resemble the 
alcohols more nearly than^ the benzene phenols do. They give rise to a number 
01 important dyestuffs, which are chiefly nitro-derivatives and diazo-derivatives. 
o is Martins’ yellow or naphthalene yellow, 

ana the sodium salt of its sulphonic acid is naphthol yellow or fast yellow. The 

C H°I^H)(NH sodium amido-p-naphthol sulphondte, 

or Dihydroxybenzenes. — Pyrocatechol, 
with * t b^ obtained by fusing potassium pbenol-sulpbonate 


C,H3(0H)S0„0K: + KOH = C„H<(OH)„ + K 3 SO 3 . 

It is found among the products of distillation of catechu, an astringent 
body extracted by boilmg water from the inner bark wood of -Acacia 
ca ec m and used m tanning. Kino, a similar extract from certain 


sali CoH4COH)-COOOioH7, is used in medicine like pheu 
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varieties of Pterocarpus, ' an Indian tree of the same botanical order, 
also furnishes it ; as do most vegetable extracts which contain tannin. 
The leaves of the Virginia creeper, a plant of the vine order, contain 
pyrocatechol. It is present in crude pyroligneous acid distilled from 
wood, and is said to be formed when cellulose, starch, or sugar is heated 
between 200° and 280° 0 . Pyrocatechol crystallises in prisms which 
fuse at' 102° 0 ., and boU at 245° C., though it begins to sublime below 
its fusing point. It is very soluble in water, alcohol, and ether. It is 
a reducing agent, precipitating Ou^O from alkaline cupric solutions on 
warming, and reducing silver nitrate in the cold. In presence of 
alkalies it absorbs oxygen from the air, becoming brown. With ferric ' 
chloride, it gives a green colour, changed to red by alkalies. Nitric acid 
oxidises it to oxalic acid. It has weak acid properties, and was formerly 
called oxyphenic acid. 

Guaiacol, or methylpyrocatecliol, CgH^lOHlOCH^, may be obtained by distilling 
guaiacum, a resinous exudation from the West Indian tree called lignum vitce. 
The distillate is dissolved in ether, and mixed with alcoholic potash, which pro- 
duces a crystalline mass of potassium guaiacol, which is washed with ether and 
decomposed by dilute sulphuric acid. It is also, produced by heating to 180° 0 . 
a mixture of pyrocatechol, potassium methyl sulphate, and potash — 

C,H,(OH), -f KCHjSO^ -t- KOH = c;h,(OH)OCHs -t- K,SO, + HOH. 
Beech-wood kreasote also contains it. Guaiacol is a colourless aromatic liquid 
of sp. gr. 1. 12, boiling at 200“ 0 . It mixes sparingly with water, but easily 
with alcohol. It gives an emerald green colour -with ferric chloride, and acts as 
a reducing agent in alkaline solutions. When heated with hydriodic acid, it 
yields methyl iodide and pyrocatechol ; CcHj(OH)OCH3-fHI=C5H4(OH)2-f CH,!. 
It has the properties of a weak acid. When potassium guaiacol is heated with 
methyl iodide, it yields veratrol, or methyl guaiacol; C5H4‘OK'OCH3-}-CH3l= 
C3H4(0CH3)„-{-ZI. Veratrol is an aromatic liquid, which may also be obtained 
by heating with baryta the veratric [dimethyl-protocatechuic) acid, extracted from 
sabadilla seeds ; 03H3{0CH3VC0„H-f Ba0=:C3H4{0CH3)3-)-B3C03. 

Wood-tar creosote contains phenol, cresol, pJilorol, CoH3(CH3)2’ OH, guaiacol, and 
creosol, CeHjlOCHjKCHjlOH. This last is obtained from that portion of the tar 
which distils over at 220° 0., by dissolving it in ether, and adding very strong 
potash, which precipitates potassium-creosol, from which creosol is separated 
by sulphuric acid. It is an aromatic liquid, which yields acetyl-creosol, 
C3H3(0CH3)CH3(0C3H30), when treated with acetyl chloride, and this, 
when oxidised by potassium permanganate, becomes acetyl-vanillic acid, 
C3H3{00H3)C02H(0C2H30), from which vanillic acid may be obtained by treat- 
ment path caustic soda. 

517. Resorcinol, 1:3-05114(011)2, was named from resin, being 
obtained from several bodies of tbat class, and oQ'cin, with which it is 
homologous. It is now prepared on a large scale for the manufacture 
of colours by the action of caustic alkalies on benzene-disulphonic acid. 

This acid is prepared by gradually adding benzene (4 parts) to fuming 
sulphuric acid, sp. gr. 2.244 (15 parts), gently heating for some hours, and 
finally at 275° C. ; C5HB-i-2H3S04=C6H4(S0„'0H)2-i-2H„0. The benzene (meta) 
disulphonic acid forms a deliquescent crystalline mass on cooling. This is 
dissolved in a large quantity of water, neutralised with lime, and strained from 
the calcium sulphate formed by the excess of sulphuric acid. The solution of 
calcium benzene-disulphonate is decomposed by NaoGOj, the precipitated CaCOg 
filtered off, the solution evaporated to dryness, and the residue of sodium 
benzene-disulphonate fused with zi times its weight of caustic soda, at 270° C., 
for eight or nine hours; C6H4(S02‘0Na)2-}-2Na0H=CBH4(0H)2-}-2S03Na2. The 
fused mass is dissolved in hot water, and boiled with HCl till all the SOj is 
expelled. The-resorcinol is then extracted from the cooled aqueous solution by 
agitation with ether, and is obtained in crystals when the ether is distilled off. 

Resorcinol is obtained in considerable quantity by distilling extract of Brazil- 
wood, a dye made by boiling the wood of Ccescdpinia braziliensis with water, and 
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evaporating the solution. It was onginally prepared by fusing with potasb the 
gum-resin known as galbamm, obtained in Turkey and the East Indies as an 
Exudation from the Galbanum officinale, an umbelliferous plant. Other gum-resins 
obtained from plants of the same order also yield resorcinol when fused with 
potash’ such as ainmoniacum, assafoctida, sagapenum, all more or less fmtid- 
smelling medicinal bodies imported from the East. When these gum-resins are 
distilled alone, they yield umbellifcrone, OgHjOj, or 0^114(0110)200, which is con- 
verted into resorcinol when fused with potash. 

Resorcinol crystallises in prisms or tables which fuse at 118° O., and 
boil at 276° 0., but may be sublimed at a much lower temperature. 
It has a sweet taste, and is easily soluble in water, alcohol, and ether, 
Its solution gives a violet colour with ferric chloride. Exposed to air, 
it absorbs oxygen and becomes brown. Ammoniacal copper and silver 
solutitas are reduced when heated with it. The most characteristic 
test for resorcinol consists in heating it with phthalic anhydride, 
(p. 596), dissolving in dilute sulphuric acid, and adding ammonia, when 
a splendid green fluorescence is produced, due to the formation of 
resorcin-phthalein, or fluorescein (q.n.). 


The resorcinol of commerce sometimes contains i/tforesorciuoZ, CgHjiSIIlo, which 
may be obtained by reducing benzene disulphonic chloride, 05114(80201);, with tin 
and hydrochloric acid. 

Stgphnicacid,ov irinitroresorcin, so named from its astringent 

taste {(TTitpvos), is prepared from resorcinol just as picric acid is prepared from 
phenol, and by the action of nitric acid on those gum resins which yield resorcinol 
on fusion with potash. Styphnic acid forms yellow sis-sided prisms or tables, 
sparingly soluble in cold water, but dissolving in alcohol and ether. It fuses at 
175° C., and explodes when strongly heated, though it sublimes when heated 
gradually. It is a dibasic acid, and forms salts which are more explosive than 
the piorates. Ferrous sulphate and lime-water give a green colour with styphnic 
acid, and a blood-red with picric acid. 

Rinitroso-resorcinol, CeHjiNO),!©!!);, produced by the action of niti’ous acid on 
a solution of resorcinol, is a dyestuff known as fast green. 


ffydroquinone, or quinol, is the third (1:4) dihydroxybenzene ; it 
■will be considered under quinone. 

518. Orcin, or orcinol, or 1:3 •. ^-dihydroxytoluene, CgH3CH3(OII)j, is 
prepared from certain lichens, which are used by dyers for preparing 
the colours known as litmus, cudbear, and a/rchil ; such as Lecanova tar- 
tarea, or rock-moss, Roccella tinctoria, or orchella weed, and others. The 
lichens are boiled with lime and water for some time, the solution filtered, 
evaporated to one-fourth, treated with CO^ to precipitate the lime, and 
shaken with ether to extract the orcin. Some orcin appears to exist 
ready formed in the lichens, but the greater part of it is formed by the 
action of the lime and water upon certain acids, which may be extracted 
rom the lichens by lime in the cold, and obtained as gelatinous preci- 
pitates by adding HCl. Thus, oTsellinic add, 0^H,0H3(0H)300,H 
wlien boiled with Hme, yields carbon dioxide and orcin, OgH3CH3(OH),’. 

p ^ yields orcin and erythrite (p. 560) ; evernic aqid, 

yields orcin and everninic acid, C.H,„ 0 ,. 
vernic is extracted from the licben Evernia prwaastri. 
orsellbic'acW^ C^^o'*^’'^'^’ boiled with water, yields two molecules of 

Pi^o^iced by the action of fused potasb on aloes, tbe juice of a 
Order ^dragon’s blood, obtained from tbe same order, yields 
into rnfuiniim prepared from toluene, CgHj’CHs, by converting it 

( )oblorotoluene-sulphonic acid, and fusing tbis with excess of potasb — 

. C5H2C1(CH2)’S03H + 2KOH = KCl -i- KHSO3 -f 05H3CH3(0H)2. 
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Orcin crystallises in colourless six-sided prisms, containing a molecide of 
water. It fuses at 58° 0 ., becomes anhydrous at 86°, and boils at 290° C. 
It tastes sweet and dissolves in water, alcohol, and ether ; ferric chloride 
colours it violet. It forms a crystalline compound with a molecule of 
ammonia, and when its solution in ammonia is exposed to air, it absorbs 
oxygen, giving a purple solution, from which acetic acid precipitates a 

red colouring matter, orcein 

CjHjOj {orcin) + NHj + 0^ = 2H2O + CjHjNOj {oi-cein). 

This substance is the chief colouring matter of the dyes prepared from 
lichens, by mixing them with lime and urine (to furnish ammonia), and 
exposing them to the air for some weeks. The colour is pressed out, 
and made into cakes with chalk or plaster of Paris. 

Orcein is sparingly soluble in water, but dissolves easily in alcohol and 
in alkaline liquids, yielding purple solutions which are reddened by acids, 
orcein being precipitated. 

518a. Teihydeic Phexols, or Teihydeoxybenzenes. — Pyrogallin, or 
pyrogallol, 1:2: 3-C5H3(OH)3, formerly called pyrogalUc acid, is a phenol 
obtained by heating gallic acid — 

C,H,( 0 H) 3 -C 0 ,H = C 3 H 3 ( 0 H )3 + C 0 „. 

To prepare it, gallic acid is heated with 2i parts of water in a digester {autoclave) 
at’2io°-220° 0 . for half an hour. The solution thus obtained is decolorised by 
animal charcoal and crystallised. 

A solution of pyrogallol, for use as a developer in photography, may be 
prepared by heating 10 grammes of gallic acid with 30 c.c. of glycerine at 195° 0. 
as long as COj is evolved, and making up to a litre with water. 

Pyrogallol may be sublimed from nut-galls heated to about 215° C., when the 
tannin is decomposed into pyrogallol and carbon dioxide ; 0,gH90,’C0„H+Hj0= 
20^113(011)3+2002. It may be obtained synthetically by fusing cfiloroplienol- 
sulphonic acid (1:2:3) with potash — 

03H301(OH)S03H + 2KOH = 06H3(0H)3 + KOI + KHSO3. 

Pyrogallol crystallises in fine needles, which are felted together in 
light white tufts. It fuses at 132° O. and bods at 210° 0 . It is very 
soluble in water (2^ parts), alcohol, and ether. When its solution is 
mixed with an alkali, it at once absorbs oxygen from the air, becoming 
brown, and forming carbonate, acetate, and other products, a httle 
carbonic oxide being evolved. A mixture of potash and pyrogallin is 
employed to absorb oxygen in gas analysis. Pyrogallin is a strong 
reducing agent, precipitating silver and mercury in the metallic state 
its action on silver-salts renders it useful in photography and in hair- 
dyeing. A pure ferrous salt gives no colour with pyrogallin, but a 
trace of ferric salt causes a blue coloration, while a pure ferric salt 
gives a red colour. When heated with phthalic anhydride, it yields 
pyrogallol phthalein, or gallein, OggHj^Oy, which is used as a red 
dye. When chlorine is passed through a cooled solution of pyro- 
gallol in acetic acid, trichloro-pyrogallol, 05013(011)3, is obtained, and may 
be crystallised in needles. 

PMoroglucol, 1:3: s-CsH3(0H)3, was first obtained from a glucoside called 
phlorizin, existing in the bark of the apple-tree ; the glucol refers to its sweet 
taste. It is also made, like resorcinol, by fusing certain vegetable extracts and 
gum-resins with caustic potash. It is thus obtained from gamboge, the resinous 
juice of Cambogia gutla (Ceylon), from dragon’s blood, the resin of Dracana 
draco, from hino (p. 693), catechu, and from the yeUow dye-wood, fustic. The 
residue of the preparation of extract of fustic is fused with potash and a little 
water, dissolved in water, acidified with sulphuric acid, and shaken with ether, 
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wMoh extracts pbloroglucol and protocatechnic acid ; the ether is distilled off, 
and the aqueous solution of the residue mixed with lead acetate to precipitate 
the protocatechnic acid. The lead is precipitated by H„S, and the phloroglucol 
attain extracted by ether. It may also be prepared by fusing resorcinol (i part) 
•with soda (6 parts) until the mass has a light chocolate colour, when it is treated 
as above, omitting the separation of protocatechnic acid. 

Phloroglucol is formed by fusing 1:3: ^-htnzcnc-trimlphonic acid, 0BHa(S02- OHlj, 

with soda. , , o n. ^ 

Phloroglucol crystallises in prisms with xAq, which it loses at 100 G. It fuses 
at 220°, and may be sublimed ; it dissolves easily in water, alcohol, and ether, and - 
reduces alkaline cupric solution. Ferric chloride gives a violet colour. Its solu- 
tion in hydrochloric acid stains wood violet-red, and is an excellent test for woody 
tissue. Alkaline solutions of phloroglucol are oxidised by air, and become brown. 
When dissolved in ammonia, it yields a crystalline base; CgH3(OH)3-t-NH3= 

+ (phlor amine). Other phenols do not so readily exchange 

OHforNHj. 

When phloroglucol is dissolved in aceticacidandtreatedwithpotassium nitrite, 
at a low temperature, it yields, on addition of excess of potash and alcohol, green 
needles of a very explosive body, which is the potassium salt of tri-nitroso-phloro- 
glucol, C303(N0K)3. When this is gradually added to a mixture of nitric and 
sulphuric acids, it is converted into trinitro-pliloroglucol, C3(N03)3(0H)3, which 
crystallises in yellow explosive prisms, and dyes wool and sillr yellow like picric 
acid. It is a tribasic acid, and forms three series of coloured salts. 

In most of its reactions, phloroglucol behaves as symmetrical tri-hydroxyben- 
zene ; but in the remainder it behaves as a triketone, yielding, for instance, a 
trioxime, C5H5(N *011)3, with hydroxy lamine (p. 606). From this it seems probable 
that phloroglucol exists in tautomeric forms (p. 680), namely, 


H' 


OH H 

O 

OH H 


0 H„ 


OH 


and 


0 . 


0 H„ 


The first of these would represent a trihydroxybenzene containing a tertiary 
benzene ring, and the latter a triketone of hexamethylene, containing a secondary 
benzene ring. 

1:2:4- Tnhydroxyhenzene is called hydroxyhydroquinone. 

Inosite, This compound was formerly included among 

the sugars under the name of flesli-suyar, but inasmuch as (r) it does not behave 
as a reducing agent (see Sugars'), (2) it yields a hexanitrate, C3H3(0N02)e, when 
dissolved in strong HNO3, and (3) it is converted into benzene and tetriodophenol 
when heated at 170° C. with HI, it is now known to be a benzene derivative con- 
tmning sixhydroxyl groups, probably hexahydroxy-benzene-liexahydride, C3Hg(0H)g. 
It is obtained from the juice of beef ; the chopped heart or lung of the ox is 
exhausted with water, the liquid pressed out, mixed with a little acetic acid, and 
heated to boiling. The liquid flltere’d from the coagulated albumin is mixed with 
ead acetate, filtered, and basic lead acetate added ; this precipitates a lead com- 
a u which is to be suspended in water and decom- 

nff ^+ 1 °^ Its, when the inosite passes into solution. The lead sulphide is filtered 
, the solution evaporated on the water-bath to a syrup, and mixed with ten 
umes of alcohol and one of ether, when the inosite is precipitated. It forms 
crystals, which are sweet and soluble in 6 parts of water. It is but 
Thn m alcohol, and insoluble in absolute alcohol and in ether. 

effloresce in air, and become anhydrous at 100° 0 . Inosite undergoes 
fipfl V. ^®™cctation. Nitric acid oxidises it to oxalic acid. Inosite may be identi- 
haoistening it with dilute nitric acid, evaporating almost to dryness, and 
solntin calcium chloride, which produces a rose colour. Inosite 

^ mercuric nitrate gives a yellow precipitate, which 

“ccomes red when heated. 

inosite obtained from flesh is very small ; many vegetables 
iun<;Hi^. more abundantly. The unripe French bean yields 0.75 per cent, of 
ash nni ^“■‘“ct-leaves in August, 0.3 per cent. It is also present in the leaves of 
asu-iTio-nrif 5 ^apes contain it, so that inosite is found in -wine. Unripe peas, 
P gus, and dandehon contain inosite. From these vegetables it may be ex- 
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tracted as from flesh. Inosite has been found in urine in cases of Bright’s 
disease. 

Mexahydroxy-lenzene, CjCOH)^, has been obtained by a circuitous process. It is 
crystalline, sparingly soluble in cold water, alcohol, and ether ; the solutions 
absorb oxygen, becoming violet, and reduce silver nitrate. It is converted into 
benzene by distillation with zinc-dust. 

XII. QUmOXES. 

519. Quinones are formed from the hydrocarbons of the aromatic 
series by the substitution of (O^)" for Hj, and are therefore products of 
oxidation of the hydrocarbons. 

Quinone, Cgll^(Oj)'', or henzoquinone^ may be obtained by heating 
benzene with chromyl chloride, when HOI is evolved and a brown solid 
compound produced, which is decomposed by water with formation of 
quinone, which remains dissolved in the excess of benzene — 

(1) GgHg -h aCrOXl.. = 2HCI -f- CgH,(CrO„Cl)„ ; 

(2) CgH,(CrO,CI)2 -f H „0 = C„H,(Oj)" -f Gr„ 6 ^ + 2HCI. 

Many benzene derivatives also yield quinone when oxidised. It is best 
prepared by oxidising aniline with potassium dichromate and sulphuric 
acid. One part of aniline is dissolved in a mixture of 8 parts of sul- 
phuric acid with 30 parts of water, and 3^ parts of powdered potassium 
dichromate are slowly added to the cooled solution, which is then heated 
for some hours at about 35° 0 . After cooling, the liquid is shaken with 
ether, which extracts the quinone, and leaves it in golden yellow crystals 
when evaporated. 

It is also obtained when quinic acid is oxidised with manganese dioxide 
and sulphuric acid; CgH,(OH),COjH-t-O3 = CgH,(O)g''-fC03-l-4Hj0. 
Many plant-extracts yield quinone when thus treated. 

Quinone crystallises very easily in yellow prisms or plates, which sub- 
lime even in the cold, and fuse at 116° 0., emitting a characteristic 
odour, and subliming in long golden needles in the presence of steam. 
It is sparingly soluble in cold water, but dissolves in hot water, and 
crj'stallises on cooling ; alcohol and ether dissolve it. Its solution stains 
the skin brown. Quinone acts as an oxidising agent, liberating iodine 
from hydriodic acid, and becoming converted into hydroquinone, or 
quinol, OgH^(OH)3, which is 1:4- dihydroxybenzene. 

In many reactions quinone behaves like a diketone; for instance, 
with hydroxylamine it yields both a mt)noxime, O : OgH^ : N’ OH, and a 
dioxime, HOH : OgH^: N'OH {cf. p. 606). The formula 

0:C< " ^ 0:0 

has therefore been proposed (by Fittig) for quinone. 

It has been pointed out, however, that if quinone contain true ketone 

groups, it should yield a secondary alcohol OH when 

reduced, instead of, as is actuallythe case, the quasi-tertiary alcohol, hydroquinone, 
^^ »C'OH.* Moreover, when substituted quinones react with PClj, 
each of the O atoms is replaced by only one Cl atom instead of by two as would 

* Against this argument it may be urged that a ketone does sometimes give rise to a 
tertiary alcohol by reduction, as, for example, in the formation of pinacone from acetone 
(P- 558). 
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be expected if the 0 were doubly linked to carbon. These considerations led 
Grade to the formula, 0 ^Q-Q for quinone. Eittig’s formula is, 


however, preferred. . , 

That the oxygen atoms in quinone occupy the 1:4- position is shown 
by its easy conversion into 1:4- dihydroxybenzene, and by the fact 
that its dioxime yields 1:4 — diamidobenzene when reduced. 

Eydroqidnone is a constant product of the action of reducing agents on quinone, 
and is best prepared by passing SO„ through a warm saturated solution of quinone, 
when it is deposited in six-sided 'prisms, which fuse at 169° C., and sublime in 
monoclinic tables, so that hydroquinone is dimorphous. It is moderately soluble 
in water, and easily in alcohol and ether. Hydroquinone is isomeric with pyro- 
catechol (p. 693), but is distinguished from it by the action of oxidising agents, 
such as ferric chloride, which converts hydroquinone into fine green metallic 
prisms of green hydroquinone, or quinhydrone, C5H40„.C5H4(0H)„, which may also 
be obtained by mixing aqueous solutions of quinone and hydroquinone. This 
beautiful substance is sparingly soluble in cold water, but dissolves in hot water 
to a brownish-red solution, which deposits the splendid green crystals on cooling. 
It dissolves in alcohol and ether with a yellow colour. "When heated, it fuses to 
a brown liquid, and partly sublimes in green plates, the remainder decomposing 
and giving the yellow crystalline sublimate of quinone. On boiling its aqueous 
plution, quinone volatilises, and hydroquinone remains in solution. It dissolves 
in ammonia with a deep green colour, which becomes brown on exposure to air. 
Oxidising agents, such as ferric chloride added in excess, convert quinhydrone 
into quinone, whilst reducing agents, such as sulphurous acid, convert it into 
hydroquinone. Hydroquinone occurs among the products of distillation of the 
succinates, and it has been produced from ethyl succinate by the following steps : 
Ethyl succinate, C„H4(COjO,H5)2, acted on by sodium, yields ethyl mccinyl succinate, 
C._,H4'C,H2(CO)j'(Cbj’C„H3)2 ; when this is treated with bromine, hydrogen is 
abstracted, leaving 'etliyl quinol-dicarhoxylafe, CjH^OoCCOo'CoHs)^. The acid ob- 
tained from this ethereal salt, quinol-dicarhoxijlic acid, Cgfi^bjlCo^H),, crystallises 
in needles, and yields a blue colour with ferric chloride. When distilled, it yields 
hydroquinone, C5H4(OH)2, and zCO,. As ethyl succinyl succinate may also be 
obtained by the action of sodium on ethyl bromaceto-acetate, hydroquinone may 
huilt up from acetic acid. It is used as a photographic developer. 
Teirachloroquinone, or chloranil, C„Gl4(0,)", is a frequent product of the action of 
chlorine or of a mixture of potassium chlorate and HCl upon benzene-derivatives 
and compounds^ connected with the aromatic group, such as phenol, aniline, 
isatin. It may be prepared from quinone by the action of KClOj and 
jlOI, but more cheaply from phenol, by mixing it with potassium chlorate 
(4 parts), and adding it gradually to hydrochloric acid diluted with an equal 
volume of water. The mixture is gently heated, and more chlorate added, when a 
puowrmxture of tricfiiorogm'uone, CjHOyOo)", and tetrachloroquinone is precipi- 
ated. This is treated with sulphurous acid, which reduces the quinones to 
ydroqumones. The tetrachlorohydroquinone, C5Cl4(OH)2, is insoluble in water, 
i u ^^^^^^o^^y^^oquinone, CgHCyOH)^, dissolves. The former is then 
strong nitric acid, which converts it into chloranil. This body, which 
insoluble in water, and sparingly soluble in 
ma° ^ benzene dissolve it, and deposit it in yellow crystals which 

it It is unattacked even by concentratedacids. Potash dissolves 

r n n colour, and yields purple crystals of potassium chloranilate ; 

urit',* ^ ^ 4KOH = 2KCI -f 2H2O + Gfi]2(_0K%02. By dissolving the sparingly soluble 
V '”'^f'6r, and adding flCI, a red crystalline body is precipi- 

violpf chloranilic acid, CgOl2(OH)oOj.Aq. It is soluble in wafer, with a 

®3^Ip^uric or hydrochloric acid precipitates it from the aqueous 
• JSromanil, 0^31^(02)'', also been obtained from phenol. 

Quinone chlorimides, and are obtained by the action 

^ : 4 - ^rmidophenol and 1:4 - diamidobenzene respectively. 

.7 ^PPovtance from their relation to colouring matters (c/. p. 646). 
Q!I!710 »p ^\'>^6{Oi)"-~a-EaphtJiGquinone [ 0:0 = 1:4] is a true para- 

2 I possessing the characteristic yellow colour, volatility and pungent odour 
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of these quinones, and being reduced to naphtbohydroquinone, C,|,H(.(0H)2. It is 
prepared by dissolving naphthalene (i part) C,oHg, in glacial acetic acid (6 parts) 
and oxidising with chromic anhydride (3 parts) dissolved in glacial acetic acid 
(2 parts). The mixture is boiled, and distilled after adding more water, when the 
naphthoquinone passes over with the steam. It is insoluble in water, sparingly 
soluble in cold alcohol, but dissolves in hot alcohol and in ether, crystallising in 
yellow tables, which fuse at 125° C., and sublime below 100°. Alkalies dissolve 
it, and it is oxidised by strong nitric aqid into phthalic acid, C5H4(CO„H)„. 

^-Naphthoquinone [0 : 0 = i : 2] is an example of an ortho-quinone, possessing the 
red colour, the non-volatility and the lack of odour characteristic of these. It is 
obtained by oxidising i : 2 - derivatives of naphthalene, 

520. Anthraquinone, OgHjC^QQ^OgH^, is prepared by dissolving 


anthracene, in glacial acetic acid, and adding chromic anhydride 

to the hot solution ; on adding water, the anthraquinone is precipitated 
and may be purified by sublimation ; it has no quinone odour. It sub- 
limes in yellow needles, which are sparingly soluble in alcohol and ether, 
but dissolve in hot benzene and in nitric acid. It fuses at 273° 0 . 
Potash does not dissolve it, but, when fused with potash, it yields potas- 
sium benzoate. Sulphurous acid does not convert it into a hydro- 
quinone, nor does hydriodic acid, but'the latter reduces it to anthracene ; 
as intermediate products of the reduction there are obtained the secondary 


00 

alcohols, hydroxyanihranol, and anthranol. 


Hence anthraquinone is moi-e nearly a true 
diketone than is benzoquinone. 

Anthraquinone may be synthetically prepared by heating phthalyl 
dichloride with benzene and zinc-dust ; 


= CA<gg>CgH, ZuCh + H„. 


This synthesis shows that the CO groups must be attached to one of the benzene 
rings in the ortho-position to each other. That this is the case also with the 
other benzene ring, is seen from the fact that when bromanthraquinone, OgHgBr 
(synthesised, as above, from bromophthalyl chloride, OgH3Br(COCl)2), is 
oxidised, the product is phthalic acid, not bromophthalic acid, showing that the 
brominated-ring has been removed, and that the CO groups must have been 
attached to the non-brominated-ring in the ortho-position. 

Anthraquinone is chiefly important as the source of artificial alizarin. 

^21. A lizarin, or i ; 2-dihydroxyanthragmnone,* OeHj(CO),C5H2(OH)2, 
may be prepared from anthraquinone by treating it with bromine, 
which converts it into dihrowmithraquinone, CgH^(00)20gH3Br,, and 
when this is heated to about 1 80° 0. with potash, it yields potassmm 
alizao'ate, 05H^(00)206H2(0K)2 ; from the aqueous solution of this, 
hydrochloric acid precipitates alizarin. 

Alizarin, one of the chief vegetable dyes, was formerly obtained ex- 
clusively from madder^ the root of Ruhia tinctw'um, imported from the 
South of Prance and the Levant. It does not occur ready formed in 
the plant, but is produced by the decomposition of mherythric acid, 
OjgHjgOjj, which may be extracted from madder root by cold water, and 
crystallises in yellow prisms. When the root is allowed to ferment, or 
is treated with sulphuric acid, the ruberythric acid undergoes hydrolysis, 
and is converted into alizarin' and glucose, 

C22H23O,, + 2H2O = C„HgO, 20gH,20,. 


* Anthracene derivatives are orientated similarly to those of naphthalene (p. 536). 1 
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Alizarin is prepared on a large scale from anthi'aquinone by converting 
it into tbe sulphonic acid and fusing this with potash. 

The anthraqainone is made by treating anthracene, in leadeu tanks, with potas- 
sium dichromate and diluted sulphuric acid, the reaction being completed by 
boiling. The anthraquinone is dissolved in strong sulphuric acid and re-precipi- 
tated by water, which retains the impurities in solution. After being washed and 
dried, it is heated for eight or ten hours at 160° 0. with fuming sulphuric acid in 
an iron pot, being constantly stirred ; on diluting with water, any unaltered 
anthraquinone is precipitated, and anthraquinone mono- and di-sulphonic acids, 
C„H.(C0)AH3(S03H), and G3H3(S03H)(C0)„C,H3(S0.,H), remain in solution. 

The mixed sulphonic acids are neutralised with lime, and the calcium salts are 
decomposed by sodium carbonate. The concentrated solution of the sodium salts 
is heated with caustic soda and a little sodium chlorate, in a closed iron boiler, 
at about iSo° C. for twenty-four hours, when a purple solution is obtained, con- 
taining the alizarate and anthrapurpurate of sodium. The sodium anthraquinone 
monosulphonate is Brst decomposed by the NaOH yielding sodoxyanthraquinone— 

C3H,(C0),,0,H3- S 03 Na + 2Na6H = C 3 H,(CO) 30 eH 3 (ONa) + S 03 Na, + H„ 0 . 

The sodoxyanthraquinone is then oxidised, by tbe oxygen from the chlorate, in 
presence of the excess of NaOH, into sodium alizarate — 

G3H,(C0)303H3(ONa) + 0 + NaOH = G3H4(G0)303H„(0Na)3 + H3O. 

The sodium anthraquinone disulphonate yields sodium anthrapurpurate — 
03H3(S03Na){00)„03H3(S03Na) + yNaOH = 
03H3(0Na)(G0)„03H3(0Na)3 + zNa^SOs + 4H3O. 

The solution is run into dilute sulphuric acid, when a mixture of alizarin and 
anthrapurpurin is obtained as a yellow precipitate. 

Properties of alizarin. — is very sparingly soluble in water, but 
easily soluble in alcohol and ether, and crystallises in orange-coloured 
prisms which contain sAq, and become red when dried. It fuses at 
about 275° C., and maybe sublimed. It dissolves in strong sulphuric 
acid with a deep-red colour, and is precipitated by water. It acts like a 
dibasic acid, dissolving in alkalies to purple solutions, which give purple- 
blue precipitates with salts of barium and calcium. The insolubility 
and the brilliant colours of the alizarates are of great value in dyeing and 
calico-printing. Alizarin gives red precipitates {madder lakes) with 
salts of tin and aluminium, and a dark violet with salts of iron. 

That alizarin is as an adjacent dihydroxyanthraquinone follows from the fact 
that it can be synthesised from phthalic anhydride and i : 2-dihydroxybenzene 
(pyrocatechol) in the presence of sulphuric acid at 150° G. That the GH groups 
occupy the i : 2 (or 3:4 or 1 ' : 2' or 3' : 4', all these being the same in value as 
j ; 2) follows from the fact that alizarin yields two mono-substitution products 
in which the substituent is in the same ring as the OH groups ; if the hydroxyl 
groups occupied the 2 ; 3-positions this would not be possible, since the positions 
I and 4, which would then be vacant, are of the same value. 

Anthrapurpiirin, 0 H'(C 0 )„'CgH 2 ( 0 H)„, is formed as above mentioned in 
the preparation of alizarin, and may be obtained by oxidising alizarin with MnO„ 
and HoSO^. It resembles alizarin, but fuses at a higher temperature (330° 0 .)i 
and is more soluble in water. The colours of its metallic salts are more brilliant 
than those given by alizarin, so that its presence in the artificial dye is ad- 
vantageous. 

Purpurin or i -.T.: /^-tri-hydroxy-anthraqiiinone, GeH^(GO)3GcH(OH)3, is isomeric 
with the preceding, and is found accompanying alizarin in old madder root, and 
may be separated from it by boiling with alum, which dissolves only the purpurln. 
It may also be obtained by oxidising natural alizarin with MnOj and H„SO,. 

JTlavo-purpurin, CcH30H(G0)2G3H„(OH)., is sometimes formeci in the manu- 
facture of alizarin. ^ It crystallises in golden needles soluble in alcohol. 

Anfliracitrysone, alizarine-hordeaux, or tetrahydroxy-antliraquinone — 

G 3 H 3 (OH),{GO) 3 G 3 H..(OH)., 
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is obtained by heating i : 3 : 5-dihydroxybenzoic acid, CoH3(OH)„-COOH, with 
sulphuric acid,, which abstracts the elements of 2H„0 from two molecules of the 
acid, . 

Bufiqallic acid, alizarine cyanine or hexa-liydroxy-anthraquinone, 

C,H( 0 H) 3 (C 0 )AH( 0 H) 3 , 


(see p. 590), is prepared by heating gallic acid with sulphuric acid, which re- 
moves the elements of 2H„Ofrom two molecules of gallic acid, C,,H2{OII)3'COOH. 
It is used as a red dye. 

All these anthracene derivatives yield that hydrocarbon when heated with 
zinc-dust. 


C H * CO 

522. Blienantliraquinone, prepared by oxidising phenanthrene 


(p. 537) with chromic acid. It crystallises in orange-yellow needles, melts at 
202° C., and dissolves in hot alcohol. It is an ortho-quinone giving most of the 
reactions of a diketone. 

Coerulignone (p. 691) is a derivative of the quinone of diphenyl. 


Tbiphenylmethane Dyestuffs. 

These compounds include the majority of the colouring-matters 
commonly, called the aniline dyes,*' Although they are amido- or 
hydroxyl derivatives, consideration of them has been postponed until 
quinone has been described on account of the fact that these dyestuffs 
contain a benzene nucleus to which other groups are attached in a 
manner similar to that in which the oxygen atoms of quinone are 
attached to the benzene ring {quinonoid sVructuri), 

The parent substance of these compounds, triphenylmethane, 011(05115)3, has 
been described at p. 535. When a solution of this hydrocarbon in acetic acid is 
oxidised by chromic acid it yields triphenyl carUnol[G^^)p • OH, a tertiary alcohol 
which crystallises in prisms and melts at 159“ 0. 

When three amido-groups or three hydroxyl-groups are introduced into 
triphenylmethane, compounds are produced which are colourless, but readily 
become coloured when oxidised and treated with an acid. For example, 
triamido-triphenylmethane, 0H(05H.,NH2)3, is a colourless substance ; when 
oxidised it becomes triamidotriphenyl carbinol, 0(0H)(05H4NH2)3, which is also a 
colourless substance, and yields colourless salts (with one equivalent of acid) 
when treated with cold acids, but coloured salts when treated with warm acids. 
The latter salts are dyestuffs ; they are formed from the carbinol with the loss 
of a molecule of water, and since the only oxygen in the carbinol is that of the 
alcoholic group, OH, it must be supposed that this group forms water with the 
hydrogen of the acid. This loss of the OH group entails the conversion of the 
ordinary benzene linking of one of the benzene rings into the quinonoid linking, 
the change being accompanied by a development of colour, just as the con- 
version of the ordinary linking of hydroquinone (eolourless) into the quinonoid 
linking of quinone, develops a colour, HO'CjH^'OH becoming 0 : CgH^ : 0 . The 
following equation will make the change more clear : — 

HC1,NH3-C5H,-C(0H)(C5H,-NH3),=C1NH3:P5H, : CCCsH.-NH^-f-HjO. 

Triamidotriphenylcarbinol hjdro- Coloured salt t 

chloride (colourless). (Pararosaniline cbloride). 

The foregoing reactions are typical of the behaviour of every triphenylmethane 
dyestuff; that is to say, each may be obtained by oxidising a derivative of 
triphenylmethane and treating the product with a warm acid. The parent 
triphenylmethane derivative is called the leuco-hase of the dyestuff ; the carbinol 

* It is here only possible to call attention to some typical “ aniline dyes ” ; for infor- 
mation as to the chemical constitution of dyes of trivial names, the student must consult 
a work on dyestuffs. 

_ t A simpler view of the constitution of this salt is that it is that of an ethereal chlo- 
ride, derived from the carbinol by replacement of OH by 01; (OgH^-NHjlsO'OI. This 
view is not regarded as substantiated. 
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into which it is converted by oxidation is called the cohtir-hcme of the dyestnff ; 
whilst the coloured salt is the dyestuff itself. Thus, triamidotriphenylmethane 
is called Uuco-pararosaniline ; triamidotriphenyl carbinol is jpararosaniline hase, 
whilst the coloured salt with the quinonoid linking is pararosaniline chloride. 
The converse changes axe possible : that is to say, by treating the dyestuff with a 
caustic alkali the colour-base is precipitated, and if this be treated by reducing 
agents (nascent hydrogen) it yields the leuco-base. 

The triphenylmethaiie dyestuffs are classified into derivatives of : — 
(i) rnmiido-triphenylmeihcme, CeHj-CH(C6H/NH„)j; the type of these 
is malachite green. (2) Triamidotriphenylmethane, OH.(OgH4- NH2)3 ; 
the type of these is rosaniline {magenta). (3) Trihydroxytriplienyl- 
met^ane, CH( 06 H/ 011)3; the type of these is aurin. (4) Triphenyl- 
metlvane carhoxylic acid, OH(OgIl5)2(C5H^’ OOgH) ; the type of these is 
eosin. 

Malachite green or tetramethyl-i : /[-diamido-triphenylmethane chloride — 

' C1N{GH3)3 CgH, : CXCgHglLCgH,- NCCH3)3l 

The leuco-base of this dyestuff is prepared by heating, benzaldehyde with 
dimethylaniline and zinc chloride (to act as a dehydrating agent) — 

CgH^-CHO +2C,H5-N(CH3)3=C,H3-CH[C,H,-N(CH3)2]„+H30. 

The leuco-base is oxidised by PbO, (when it yields the corresponding carbinol or 
colour-base, see above) in the presence of HCl (to produce the colour-salt). The 
dyestuff is then precipitated by zinc chloride and sold in the form of a double 
zinc-salt. 


Rosaniline salts constitute the bulk of the dyestuff known as magenta 
{Juchsine). They are formed by the action of acids on rosaniline-lase, 
which is triamidotolyldiphenyl carpinol — 

NH,- C3H3(CH3) •C(OH)(C3HxNH„)3. 


The chloi'ide, CINH^ ; CgFgCCH,) : C(OgHxNH„)2, nitrate and acetate are 
the most common salts in the market. They are prepared by heating, 
aniline oil, which should contain equi-molecular proportions of aniline, 
orthotoluidine and paratoluidine, with an oxidising agent (arsenic acid 
or nitrobenzene'"' is generally used) ; 


NH3-C„H,-CH3-fgg|fg®^J'NH=+03=NH3-C3H,-C(0H)<gggH3)-NH3^2H30. 


The rosaniline base made in this way is converted into the chloride 
by adding hydrochloric acid, and this salt is precipitated by adding 
common salt. "When re-crystallised, rosaniline salts form bronze-green 
crystals which are sparingly soluble in cold water, but more readily in 
hot water, to a red solution. When the hot solution is mixed with 
ammonia and filtered quickly the rosaniline base crystallises fi’om the 
filtrate in colourless plates which become red in air, from absorption of 
COj. Reducing agents bleach the red solution with formation of 
-leucaniline, 06B[3(0H3) • OH(CgH^’ NHj) j,t the leuco-base of rosani- 

line (p. 702).- 

Pararosaniline or triamidotriphenyl carbinol, n(OF)(r)^F^* FF^)^, is 


apont is now more common than any other. "When it is employed, 
HCl and iron filings form a part of the charge, bo that the nitrobenzene is first reduced 
to anihno (which enters into the reaction), and the ferric chloride formed by its reduction 
is the immediate oxidant. 

i ‘Wheii diazotised (p. 661) and heated with alcohol, leucaniline yields tohjtdinheml- 
meihanc, CaHj(CH3)'CH(C(;Hs)2 (<;/•. p. 66t), showing that leucaniline, and therefore 
rosaniline must be a derivative of this hydrocarbon. 
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prepared by oxidising a mixture of paratoluidine (i mol.) and aniline 
(2 mols.) in tbe same way as is described for rosaniline. The salts are 
red dyestuffs, like the rosaniline salts. 

Many derivatives of pararosaniline and rosaniline, containing methyl, 
ethyl and phenyl groups in place of the amido-hydrogen atoms, are 
prepared by ^heating pararosaniline or rosaniline hydrochloride with 
alkyl or phenyl halides ; these are also used as dyestuffs, the shade pro- 
duced by them becoming more blue as successive alkyl or phenyl 
groups are introduced. Thus pentamethyl-pararosaniline is known as 
methyl violet, and tripib^nyl-rosaniline chloride as aniline blue. The 
combination of hexamethylrosaniline, which is saturated with methyl 
groups, with methyl chloride or iodide, produces a green dyestuff known 
as iodine green. 

Aurin. — ^When pararosaniline base is diazotized (p. 661), the three 
ISi'Hj groups are converted into diazo-groups, and when the resulting 
compound is boiled with water it yields trihydroxytriphenyl carhinol, 
(OgH^’ 011)30 ’OH {cf. p. 661). This compound is very unstable and 
loses a molecule of water, becoming aurin, 0 : OgH^ : C(CgH^OH)j, com- 
parable in structure with pararosaniline chloride. It crystallises in 
green needles which dissolve in alkalies to a red solution, but are 
precipitated again by acids. Thus aurin behaves as an acid substance, 
as, indeed, is to be anticipated from the presence of phenolic OH 
groups. It will be noticed that, whilst pararosaniline is a type of basic 
dyestuffs, tending to combine with acid mordants, aurin is a type of 
acid dyestuffs tending to combine with basic mordants, 

Rosolio acid bears the same relation to rosaniline as aurin bears to 
pararosaniline. 

Rosin. — Triphenylmethane-carboxylic acid (see above), or rather its 
hydroxy-derivative triphenyl carbinol-\ : 2-carboxylic add — 

(CgH,)3(CgH,-C00H)0-0H, 

gives rise to the dyestuffs of this class. Phthalophenone is the inner 
anhydride (or lactone, see p. 587) of this latter acid, its formula being 

(CgHg)3(CgH4‘COO)G' or CgH^<^^^^^^0, and is prepared by the 

interaction of phthalyl chloride with benzene in the presence of Al^Clg. 

0gH,<ggg-i-2CgHg = 0gH,<^^«J^>0-F2H01; it yields triphe- 


nyl methane carboxylic acid when reduced. By substituting phthahc 
anhydride for the chloride, and hydroxybenzenes for benzene in this 
reaction, the eosin dyestuffs are obtained. 

Thus, phenol-fhthalein {dihydroxy-phthalophenone) is obtained when 
phthalic anhydride is heated with two molecular proportions of phenol 
and a dehydrating agent — 




The melt is dissolved in an alkali and the phenophthalein precipitated 
by an acid. Its alkali salts are pink in solution, and, being derived by 
the displacement of hydrogen from phenolic hydroxyl, are decomposed 


* Its prefix appears to have been given to pararosaniline on account of the fact that 
paratoluidine is used in its manufacture. Since it has been recognised that paratoluidine 
IS also necessary in the rosaniline melt, the name has lost its significance. 
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by the feeblest acids (see p. 689), so that pbenolpbthalein is useful as an 
indicator in acidimetry. It can hardly be termed a dyestuff. 

Fluorescmi, is formed when phthalic 

anhydride is heated with resorcinol, 2 mols. being liberated. It 
forms red crystals and dissolves in dilute alkalies, giving a solution 
which is red with a green fluorescence ; this is also noticeable on the 
dyed fabric, hence the dyestuff is frequently mixed with others for 
producing a fluorescent green. 

Eosin itself is a tetrabromo-derivative of fluorescein, and is made by 
brominating the latter in acetic solution. It dissolves in alkalies, giving 
a deep red solution which fluoresces green when diluted. 

XIII. CARBOHYDRATES. 

523. It has been already indicated (p. 512), that this group of organic 
compounds is only a temporary one in chemical classification, and that 
it will be broken up so soon as the true constitution of the compounds 
which it now comprises, is understood. Indeed, it is already on the 
eve of extinction, since several of the sugars, formerly the typical 
members of the group, have been shown to be either aldehyde-alcohols, 
or ketone-alcohols. 

Originally, the compounds belonging to this class were such as contain 
hydrogen and oxygen in the proportion to form water, combined with 
six atoms, or some multiple of six atoms, of carbon. This is still true 
for a majority of the compounds of the class, but it is necessary now to 
describe several substances which do not fall in with the above defini- 
tion, among the carbohydrates. 

The carbohydrates may be divided into two groups : (i) the Sugars, 
, and (2) the Starches and Celluloses, 

The group of sugars contains compounds wbicb are comparable in taste and 
other properties with the substance commonly called sugar. The molecular 
formuljB for the sugars may be said to be known in almost all cases, and it is 
found that whilst a number of them, such .as glucose, correspond with 

the general formula, 0„(H20)„, others, such as cane-sugar, C,2H.„0,„ correspond 
with the general formula Cn(H20)n-i. The molecular formulae 'lor the starches 
and celluloses are not known ; but the percentage composition of these com- 
pounds indicates that their molecular formula is (CeHioO.,),,. As may be expected, 
the compounds 0„(H20 )h_i yield the compounds C„{H20),j when decomposed by 
hydrolysis, and the compounds (CoHjoOsin undergo a similar change. 

The above consideratiops have given rise to a classification of the carbo- 
hydrates into (i) saccharides or monoses, C„{H20)n; (2) disaccharides or biases, 
CjIHjO),,-! ; (3) polysaccharides ovpolyoses, (CbHio05)„. 

524. The Sugars. — ^Tbese may be subdivided into gliccoses or monoses, 
liaving the general formula 0„(H20)„, and disaccharides (formerly 
sucroses) or hioses having tbe general formula C„(H20)„_v'^ The sugars 
of the second class are converted into sugars of the first class by 
hydrolysis. The type of the sugars of the first class is grape-sugar, 
whilst cane-sugar is the type of the second class. 

Since the sugars contain asymmetric carbon atoms, they give rise 
to a large number of optically active stereo-isomerides. 

* According fp one system of nomenclature the termination -ose is employed to desig- 
nate sugars of the first class, and the termination -on to indicate sugars of the second 
class. Thus, CoHiqOc is hexose, whilst C12H22O11 is dihexon. 
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525. ThQ Glucoses. — These are named according to the number of 
carbon atoms which they contain — e.gr,, iriose, CjHgOj, tetroses, C^HgO^, 
pentoses, CgHj^Oj, hexoses, OgHj^Og, lieptoses, O^Hj^Op etc. In constitu- 
tion they are either aldehyde-alcohols or aldoses (containing the group 
’ OH(OB[) • CHO), or ketone-alcohols or hetoses (containing the group 
•CO'OHjOH), and accordingly behave as reducing agents and yield 
hydrazones just as other compounds containing the aldehyde or the 
ketone group do. 

(1) Glycerose, CjHgO- obtained by the action of bromine and an alkali on 

glycerol, and erythrose, prepared from erythritol, are possibly glucoses. 

(2) Pentoses, CjHjgOj. These are the lowest well-known members of the 
glucoses. They are natural sugars, occurring in many plants, in which they may 
be detected by their property of yielding furfural (p. 568) on distillation with 
dilute acids. Arahinose, CH„OH‘ [CHOHjj'CHO, the chief member of the class, 
is prepared by boiling gum arabic, and other gums which yield little mucicacid 
on oxidation with nitric acid, with dilute H^SO^. It crystallises in sweet prisms 
and is strongly dextro-rotatory. By reduction it yields the pentatomic ^cohbl 
arabitol, CHjOHfCHOHjjCHjOH. Xylose (from wood-gum, straw, and jute), and 
ribose are isomerides of arahinose. Ithamnose (from quercitrin) and fucose (from 
sea-weed) are methyl arahinose, CjHg(CH3)05. 

(3) Hexoses, CgHjjOg. These are the compounds which were origin- 
ally called glucoses. They are widely distributed in nature, but are 
mainly found in unripe fruit, the chief being dextrose, or grape sugar, 
and Isevulose, or fruit sugar ; they are produced by the hydrolysis of 
the disaccharides and polysaccharides, the change being effected both 
by enzymes and by dilute acids or alkalies. A few have been synthe- 
sised, and the constitution of nearly all has been settled (see below). 

526. Grape-sugar, or dextrose,* OH^OH' OHO, is the crystal- 
lised sugar found in honey, raisins, and many other fruits ; it is almost 
always accompanied by lievulose, which is far more difficult to crystallise, 
and is metameric with it. Dextrose is also found in small quantity in 
several animal fluids, and in the liver, and it is abundant in urine in 
cases of diabetes. 

Dextrose may be obtained from honey by mixing it with cold alcohol 
to dissolve the Isevulose, which forms about one-third of its weight, and 
leaves about an equal quantity of dextrose, which may be dissolved in 
boiling alcohol and crystallised. To extract it from fruits, they are 
crushed with water, strained, the liquid boiled to coagulate albumin, 
filtered, evaporated to a syrup, and set aside for some days, when crystals 
of dextrose are deposited. Fresh fruits contain chiefly Imvulose, which 
is gradually converted into dextrose. 

Dextrose may be prepared from cane-sugar by acting on it with an alcoholic 
solution of hydrochloric acid, and draining the solution of laevulose away from 
the crystals. 250 c.c. (or 9 fluid oz.) of alcohol (sp. gr. 0.823) are mixed with 
10 c.c. (or 3 drachms) of strong hydrochloric acid ; the mixture is heated to 
45° C. (113° F.), and 80 grms. (or 1235 grains) of finely-powdered cane-sugar 
added in small quantities. When the sugar has entirely dissolved, it is set aside 
for a week, stirred to induce crystallisation, the crystals drained on a filter and 
washed with alcohol. 

Commercial glucose, or starch-sugar, is made by heating starch with 
diluted sulphuric acid, which flrst converts it into the isomeric dextrin, 
which combines with the elements of water to form dextrose — 
(CeHjoOgla -f- nHoO = nCeHiaOp. 

Water containing about 1.5 per cent, of sulphuric acid is heated to boiling, and 
* Also called d-glucose (see below). 
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a hot mixture of starch and water is allowed to flow gradually into it. The 
mixture is boiled for half an hour, neutralised with chalk, and concentrated by 
evaporation, when it deposits crystals of calcium sulphate. The clear syrup is 
drawn off and evaporated in a vacuum-pan till it is strong^ enough to crystal- 
lise, which is accelerated by adding some glucose from a previous crystallisation. 
The glucose thus obtained contains maltose, dextrin, and some calcium salts 
of organic acids ; it may be purified by washing with strong alcohol mixed with 
3 per cent, of HGl, and afterwards with commercial absolute alcohol. 

Properties of dextrose. — When crystallised from an aqueous solution, 
dextrose forms six-sided scales, containing a molecule of water ; these fuse 
at 86° 0., and become anhydrous at 110° C. ; it crystallises from alcohol 
in small needles, which are anhydrous, and melt at 146° 0. It is less 
sweet than cane-sugar, and can be directly fermented by yeast (p. 545). 
Glucose dissolves in 1.2 part of cold water, in 50 parts of cold, and in 5 
parts of boiling, alcohol (sp. gr. 0.837). When heated to 170° C., it is 
converted into dextrosan (glttcosan), a nearly tasteless substance, 

convertible into glucose by dilute acids. When boiled with caustic 
potash, glucose gives a dark brown solution, being ultimately converted 
into humus-like acids. In presence of alkalies, glucose acts as a strong 
reducing agent. If a solution of glucose be mixed with cupric sulphate, 
and potash be gradually added, the blue precipitate of cupric hydroxide 
produced at first, dissolves in excess of potash to a fine blue solution ; 
if this be gently heated, a yellow precipitate of cuprous hydroxide is 
produced, which ' becomes red cuprous oxide when boiled ; a little 
metallic copper is precipitated at the same time. Glucose precipitates 
metallic silver when warmed with ammonio-nitrate of silver, and 
metallic mercury from mercuric cyanide mixed with potash. 

Solution of glucose mixed with sodium chloride deposits crystals of 

20,H,206.EaCl.Hp, 

which is sometimes deposited from diabetic urine. Glucose is not so .easily 
blackened by sulphuric acid as is sucrose, but forms an unstable combination with 
it. With the alkaline earths dextrose combines to form such compounds as 

C„H,jOa.CaO, 

which are precipitated by alcohol. Other reactions will be discussed under 
“ constitution of the sugars.” 

De.xtrose rotates the plane of polarisation to the right hand, but a 
solution which has been kept for some hours has only half the eifect of 
a freshly-made solution, a phenomenon known as bi-rotation and pro- 
bably due to the formation of hydrates. There are also a Imvo- and an 
inactive glucose. See Constitution of sugars. 

Glucose is much used by brewers and distillers for making alcohol, 
as well as by confectioners ; dyers and calico-printers use it to reduce 
indigo. 

527 . Fruit-sugar, or l^vulose,*^ OB[,OH'[CHOH] 3 'CO-OJE[jOH, is pre- 
pared by heating cane-sugar with water and a very little sulphuric acid 
on a water-bath for half an hour, removing the acid by barium car- 
bonate, and evaporating to a syrup. This syrup contains invert-sugar, 
a mixture of equal weights of dextrose and IrBvulose, which oxide 
deposits crystals of dextrose Avhen exposed to light. To obtain pure 
lajvmlose, it is mixed_ with water, cooled in ice, and stirred with 
calcium hydroxide, which precipitates a sparingly soluble lime compound 
of Iffivulose. This is suspended in water and decomposed by CO,; the 
filtrate from the calcium carbonate is then evaporated on a water-bath. 

• Also called d-fructose (see below). 
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The syrup is washed with cold alcohol and set aside in a cold place, 
when the tevulose crystallises. 

. Lsevulose is much sweeter than dextrose, rivalling cane-sugar in this 
respect. It does not ferment so readily as dextrose, so that when invert- 
sugar is mixed with yeast, the dextrose is the first to disappear. It also 
reduces alkaline cupric solutions (Fehling’s solution, p. 599) less readily.. 
Ltevulose rotates the plane of polarisation of light to the left hand, 
whence its name, but a dextro- and an inactive Ifevulose also exist (v.i.). 
It forms two crystalline compounds with lime, CgHjjO5.OaO.2Aq and 
CgHj2O5.30aO, requiring, respectively, 137 and 333 parts of cold water 
for solution. 

When heated to 1 70° C., la3Vulose is converted into Icevulosan, OgHjgOs, 
which is dextro-rotatory. 

Galac(oseCII„OH'[GH‘OH],‘CHO (formerly called lactose), is obtained, together 
with dextrose, when milk-sugar and some varieties of gum arabic are boiled with 
dilute sulphuric acid. To prepare it, milk-sugar is boiled for six hours with four 
parts of water containing 5 per cent, of sulphuric acid. The solution is precipi- 
tated by baryta, filtered, evaporated to a syrup, and induced to crystallise by 
adding a few crystals of dextrose. It is then washed with alcohol of 80 per 
cent., and recrystallised from hot alcohol of 70 per cent. It crystallises in 
rhombic prisms, which are less sweet than cane-sugar, and melts at 163° 0 . It 
.is not very soluble in cold water, and is insoluble in absolute alcohol. Galactose 
is more strongly dextro-rotatory than dextrose, and resembles it in its reducing 
action on copper and silver salts ; it is not easily fermented. It also exists in a 
IsBVo- and an inactive form (v.i.). 

Mannose, OHjOHICHOHj^'CHO is another stereo-isomeride of dextrose. It is 
obtained, together with Isevulose, by the cautious oxidation of mannitol (p. 560), 
with platinum black or nitric acid. It may be prepared by boiling seminine, the 
reserve-cellulose of many seeds, with dilute HjS04 ; it is sometimes called 
seminose. Mannose has not been crystallised ; it is very soluble in water, and its 
solution is dextro-rotatory, although a laevo- and an inactive form are also known 
(v.i.). Sodium amalgam reduces it to dextro-mannitol. It is fermented by 
yeast. 

Sorbinose, CH„0H'[CH0H]3'C0'CH„0H, is crystallised from the juice of moun- 
tain-ash berries," after it has been allowed to ferment. It is Isevo-rotatory and 
ferments slowly with-yeast. 

The gidoses and taloses are artificial aldoses, Methylhexose {rhamno-liexose)', 
C5H,j(CH 3)05, has also been prepared, 

(4) Heptoses, octoses, CjHjjOg, and nonoses, CgHj„Og. — It has been found 

possible to produce a glucose containing x carbon atoms from one containing x-i 
carbon atoms by treating the latter with hydrocyanic acid, whereby it is con- 
verted into a cyanohydrin (p. 563) just as any other aldehyde or ketone would be. 
This cyanohydrin is convertible into a carboxylic acid by hydrolysis ; this may 
be reduced to a new sugar by sodium amalgam ; thus, dextrose yields the cyano- 
hydrin CH„0H'[C!H0H]4‘CH(0H)’CN, which is converted into dextrose-carboxylic 
add (gluco-lieptonic acid), CHjOHqCHOHJj’COjH,- by hydrolysis, and when this 
acid is reduced it yields grZwco/icptose, CHoOH •[CHOHJj'CHO. By these means 
-each glucose may be made to yield a heptose, which, in its turn, may be con- 
verted into an octose and a nonose ; consequently the possible number of these 
sugars is very large. They have not been found in nature, 

528. The Disaccharides. — The members of this class of sugars are 
characterised by being converted by hydrolysis into two molecules of 
glucoses (hence the synonym, Moses).* 

529. Cane-sugar, or sucs'ose, CjjHjjOjj, is not found only in the sugar- 
•cane, but in many other plants, such as beetroot, sorghum, maize, 

.* In one system of nomenclature, they are termed dipentons, dihexons, &o., accord- 
ing as the glucoses produced by the hydrolysis are pentoses or hexoses. Thus, 
.arahinon, CjoHjsOg (from gum), is a dipenton, since it yields two molecules of arabinose 
by hydrolysis ; cane-sugar is a dihexon since it yields dextrose and Icevulose by hydro- 
lysis. 
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ibarley, almonds, walnuts, hazel-nuts, coffee-beans, and madder root. It 
occurs also in the sap of the maple, lime, birch, and sycamore, as well as 
in the juices of many fruits; in. these, it is generally accompanied by 
invert-sugar {v.i.). During the early period of vegetation, it appears 
that grape-sugar and fruit-sugar are formed, and that these become 
oane-sugai' during the ripening. The green sugar-cane contains much 
dextrose and laavulose, which are afterwards converted into sucrose; 
Honey contains cane-sugar and invert-sugar, in varying proportions, 
■depending on the food of the bees. 

To extract sugar from plants, they should be cut up, dried at a tem- 
perature not exceeding ioc° 0., and boiled repeatedly mth alcohol of 
sp. gr. 0.87, which will deposit the sugar in crystals, on cooling. 

On the large scale, sugar is manufactured by crushing the cane between rollers, 
when an acid juice is obtained, containing about 20 per cent, of sucrose ; this is 
neutralised by lime, to prevent inversion of the sugar, and heated to coagulate 
the albumin. This is skimmed off the surface, and the syrup is evaporated till 
it is strong enough to crystallise. About half the sugar is thus obtamed in brown 
crystals {moist sugar), the remainder being partly extracted as an inferior sugM 
(foots sugar) by another evaporation, and partly left as uncrystallisable sugar in 
the molasses or trcade. To refine the raw sugar, it is dissolved in water, decolor- 
ised by filtering through a thick bed of animal charcoal, and evaporated at 60“ C. 
(140° F.) in a copper vacuum-pan connected with an air-pump, since a higher 
temperature would invert the sugar. It may then be obtained in large crystals, 
sugar-candy, or, by stirring, in minute ci^stals which are drained in conical 
moulds, and washed with a saturated solution of sugar till they form white loaf- 
sugar. 

Sugar is extracted by a similar process from the juice of the white beetroot, 
The juice contains about 10 per cent, of sugar, about half of which is obtained in 
a crystallised state. 

A larger yield of crystallisable sugar has been obtained from cane and beet 
juice by the strontia process, which consists in precipitating the sugar from the 
boiling solution by adding strontium hydroxide ; the precipitate, C,„H220„(Sr0)„ 
is washed with hot water, and afterwards suspended in boiling water and allowed 
to cool, when most of the strontia is deposited as hydroxide, and the remainder is 
precipitated from the solution by 00^. 

Sometimes the potassium salts which are present in the molasses, and hinder 
crystallisation, are precipitated in the form of alum by adding aluminium sulphate. 

Properties of sucrose . — It crystallises in monoclinic prisms, which are 
insoluble in absolute alcohol, but dissolve to almost any extent in boiling 
water. 100 parts of saturated syrup at 20“ C. contain 67 of sugar; the 
solution of sugar is dextro-rotatory. When boiled with dilute acids it 
imdergoes hydrolysis, being converted into a mixture of equal weights of 
dextrose and Imvulose, + H ,0 = -f This 

mixture is known as invert-sugar since it is Isevo-rotatory (the Isevor 
rotation of Isevulose being greater than the dextro-rotation of dextrose). 
It is^ prepared for the use of brewers. Sucrose fuses at 160“ C, 
(320 and does not crystallise on cooling. If kept melted for some 
time, it becomes converted into a mixture of grape-sugar (dextrose) and 
Imvulosan-, = OgHjPg -p OgHj^Og. If this be dissolved in 

water, and yeast added, the dextrose ferments, but the Imvulosan is 
unaltered. When further heated, but below 190° 0 . (374° F.), 
sucrose loses and becomes brown, yielding caramelan, Oj^H.-Og, 

an amorphous, brittle, very deliquescent body, colourless when pure, and 
not capable of reconversion into sugar. Commercial corameZ, used for 
colouring liquids, is a mixture of this with other bodies formed at 
higher temperatures, and is usually made by heating starch sugar. It 
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is’ bitter. ' Cane-sugar does not reduce Fehling’s solution unless boiled 
with it sufficiently long to effect the inversion of the sugar. 

When sugar is melted in a little water (barley-water was formerly used), it 
cools to a glassy mass (harley-sugar) enclosing a little water ; this dissolves some 
of the sugar, and deposits it in crystals, until in course of time the whole mass is 
opaque and crystalline. Heated with water at i6o° 0 ., sucrose yields formic 
acid, carbon dioxide, and charcoal. At 280° 0 . some pyrooatechin is produced. 
Dilute acids, even carbonic, convert sucrose into dextrose and Isevulose, slowly in 
the cold, and quickly on heating. 

Fused with potash, sucrose gives the potassium-salts of oxalic, formic, acetic, 
and propionic acids, together with acetone. 

Sucrose acts as a reducing agent ; if ammonio-nitrate of silver be added to its 
solution, followed by sodium hydroxide, a mirror of silver will be deposited on . 
heating.' The antiseptic properties of sucrose are well known: a ‘strong syrup 
arrests fermentation. Weak solution of sucrose, in contact with yeast, is first 
converted into dextrose and Imvulose, and then into alcohol and carbon dioxide 
(see p. 545). Sugar absorbs ammonia gas, forming C,2Hj,(NHj)0j„ which decom- 
poses again on exposure to air. 

. ' Sucrose behaves like a weak acid to strong bases. Sodium sucrate, Oj^HjiNaO,,, 
is precipitated when strong caustic soda is added to an alcoholic solution of 
sugar. Slaked lime is easily dissolved by solution of sugar ; if equal molecules 
of sugar and lime be dissolved in cold water, and alcohol added, a precipitate of 
CaO.CjjHyjO,,, is obtained, but if an excess of lime be employed, the precipitate 
is 2CaO.O,2H220ii- When the solution of either of these is boiled, it deposits 
30a0.C,jH220,„ which requires more than 100 parts of cold water and 200 parts 
of boiling "water to dissolve it, but dissolves readily in solution of sugar. All 
these compounds are decomposed by CO^. 

If strontium hydroxide be added to a’boiling solution containing 15 per cent/ 
of sucrose, the compound aSrO.CjjHjjO,,, separates as a granular precipitate, 
and when 2.5 molecular weights of the hydroxide have been added, the precipi- 
tation of the sugar is nearly complete. If the precipitate be stirred with boiling- 
■water, it will decompose, on cooling, forming sugar and strontium hydroxide 
(see p. 709). 

. ' Iron is much corroded by sugar, in the presence of air, the metal being dis- 
solved as ferrous sucrate, C,„H2(,Fe"0„ (?), which, in contact with air- and mois- 
ture, deposits ferric hydroxide, and is reconverted into sugar, which attacks a 
fresh portion of the iron. Lead is also attacked and dissolved by sugar solution, 
especially ’when heated. On boiling lead hydroxide with solution of sugar, it is 
dissolved, and, as the solution cools, it deposits diplumbic sucrate, C,2H,gPb„0„.Aq, 
as a white powder, which loses its water at 100° C. The sugar maybe completely 
precipitated in this form. Triplumbic sucrate, CijHjgPbjO,,, is precipitated when 
soda is added to a mixture of solutions of lead acetate and sugar j it may be 
crystallised in needles from sugar solution. 

. Many metallic oxides form compounds with sugar which are readily soluble in 
alkalies, so that the addition of sugar to solutions of copper and iron, for example, 
win prevent their precipitation by potash, soda, or ammonia. If solution of 
sucrose be mixed with cupric sulphate, and potash gradually added, a blue pre- 
cipitate of cupric hydroxide is formed, which dissolves, when more potash is 
added, to a deep blue liquid, which may be heated to boiling without change, 
but if long boiled or kept, it deposits cuprous oxide or hydJoxide as a red or 
yellow precipitate. 

When a solution containing sugar with one-fourth of its weight of common 
salt is allowed to evaporate spontaneously, it deposits deliquescent rhombic 
prisms of C]2Hj20„.NaC1.2Aq. ■ 

Strong sulphuric acid converts dry sucrose into a brown mass, but if water be 
present, or if heat be applied, the mixture froths up and blackens, evolving CO, 
C 0 „, and SOo gases. Dilute sulphuric and hydrochloric acids, when boiled with 
sug'ar, convert it into a brown substance, partly soluble in alkalies, and containing 
about 63 per cent, of carbon (sugar contains 42). Formic acid (containing only 
26 per cent, of carbon) is found in the solution. Strong nitric acid dissolves 
sucrose, and converts it, on heating, into oxalic and saccharic acids. When 
heated with dilute nitric acid, it yields, besides these, acetic, tartaric, hydrocyanic, 
and carbonic acids, with evolution of N, NO, and N2O3. A cold mixture of strong 
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nitric and snlphnric acids converts sugar into a resinous mass, which is insoluble 
in water and soluble in alcohol. It explodes when heated or struck, and appears 

to be sucro-teira-nieraic, 0 i„His0,(N03X. 

530. Milk-sugar, or lactose (lactobiose), CjjHjjOjj + HjO, is prepared 
by evaporating the whey of milk to a syrup, and setting it aside in a 
cold place to crystallise. The commercial product is generally crystal- 
lised round strings or slender wooden rods. It is purified by dissolving 
it in water and precipitating by alcohol. The crystals contain a mole- 
cule of water of crystallisation, which they lose at 130° 0 . Lactose is 
much less sweet and less soluble than sucrose, requiring 6 parts of cold 
and 2.5 parts of hot water. It is insoluble in alcohol and ether. By 
rapidly boiling the aqueous solution, lactose may be obtained in 
anhydrous crystals, which dissolve in 3 parts of cold water, but quickly 
deposit in the hydrated form. Cow’s milk contains about 4.7 per cent. 


of milk-sugar. 

Lactose is a much stronger reducing agent than sucrose, and precipi- 
tates cuprous oxide when gently treated with alkaline cupric solution > 
a fine mirror of silver is deposited when sUver nitrate is mixed with 
ammonia, potash, and lactose, and gently warmed. Milk-sugar also 
dififers from cane-sugar in becoming brown when heated with potash. 
It is dextro-rotatory and shows bi-rotation. When boiled with diluted 
acids, it undergoes hydrolysis like sucrose, yielding dextrose and 
galactose. Yeast causes a similar change, subsequently fermenting the 
dextrose into alcohol (as in koumiss). Putrefaction-ferments, such as 
old cheese, ferment milk-sugar into lactic acid (see p. 585). It is 
unchanged by heating to 100° 0. with solution of oxalic acid, which 
inverts sucrose. When oxidised by nitric acid, it yields mucic acid 
(see p. 602) and saccharic acid (p. 601). When acted on by water and 
sodium-amalgam, lactose yields mannite, dulcite, CgHj^Og, iso- 

propyl alcohol, Cgilj* OH, and secondary hexyl alcohol, CgHjg" OH. In 
its behaviour with bases milk-sugar resembles cane-sugar. 

, Maltose, CioHjjOii -i- HjO, is formed by the action of malt upon starch, 
and was formerly mistaken for dextrose, but it is less soluble in alcohol, 
more dextro-rotatory, and does not reduce a weak acetic solution of 
cupric acetate. To prepare maltose, starch (100 parts) is ground up 
with water (450 parts) and gelatinised by heating on a water-bath ; after 
cooling, crushed malt (7 parts) is added, and the mixture kept at about 
65° C. (149° P.) for an hour. The malt (germinated barley) contains 
an albuminoid substance termed diastase, which acts like a ferment upon 
the starch, causing it to undergo hydrolysis into maltose and dextrin — 
3CgH,„0, {starch) -t- H^O = C,sH,aO„ {maltose) -f {dextrin). 

The mixture, which has now become much more liquid, is boiled, filtered, 
evaporated to a syrup on a water-bath, and boiled with alcohol, which 
leaves the dextrin undissolved, and, on standing for some days, deposits 
the maltose in crusts of fine needles, which become anhydrous at 100° C. 
Maltose is easily fermented by yeast, yielding alcohol and carbon dioxide ; 
OjjHjjO^ -f HgO = 40 jHg 0 4C0j. Boihng with dilute acids converts 
it into glucose; OuHjgOu -j- H„0 = 20gHjg06. reduces the alkaline 
cupric solution when warmed, but not the acetic solution. 

Trehalose, or mycose, 2HgO, is found in the tn'ehala marntm, 

or nest-sugar, of Persia, an edible substance produced by an insect from 
the tree on which it lives. It is also found in the ergot of rye and in 
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certain edible fungi, whence its name of mycose. Alcohol extracts it 
from the manna. It crystallises in prisms which have a sweet taste, 
and fuse at 100° 0 ., losing their water at 130° 0 . It is soluble in water 
and in hot alcohol, but not in ether. It is more strongly dextro-rotatory 
than cane-sugar. 

531. Eaffinose, or meliiose, OjgHjjOjg-f sH^O, is, strictly speaking, not 

a disaccharide, since it jdelds not two but three molecules of hexoses 
when hydrolysed.* It is the chief constituent of Australian manna, 
an exudation from Eucalyptus mannifera, and occurs in cotton seeds; 
and sugar-beets. It crystallises in fine needles. It is but slightly 
sweet,- and dissolves in water and alcohol. Melitose does not reduce 
alkaline cupric solution, and is dextro-rotatory. Diluted' acids and 
yeast convert it into Isevulose and melibiose, sub- 

sequently breaks up into dextrose and galactose. 

Melezitose, CjgHgjOjg-f aH^O, is extracted by alcohol from the manna 
exuding from the larch. It forms crystals which lose HjO at 100° 0 ., 
and are sweet enough to be used as a substitute for sugar. It does not 
easily reduce alkaline cupric solution, and is dextro-rotatory. It is con- 
verted, though not easily, into dextrose by boiling with dilute acids. 

532. Constitution and Synthesis op the Sugaes.— C' ons^i<M<ion. — The 
molecular -weight of many of the sugars has been settled by Kaoult’s method 
(P* 295). It will be seen that among the hexoses the aldose formula, 

CHjOH-[CHOH],-CHO, 

has been assigned to the dextroses, galactoses, mannoses, taloses and gnloses, 
whilst the ketose formula CHjOH'[CHOH]3*CO‘CHjOH has been ascribed to the 
Iffivuloses and sorbinoses. 

That the first-named sugars are aldehyde-alcohols is shown by the following 
evidence. When heated with acetic anhydride and sodium acetate these sugars 
yield pentacetyl-derivatives, CjHjOCOCHjCOls, showing that they contain'5 alco- 
holic hydroxyl groups (p. 560) and are pentahydric alcohols. Five out of the 
six atoms of oxygen are thus disposed of : that the sixth must be present either 
as an aldehyde or as a ketone group, is shown by the fact that these sugars give 
a number of the reactions which characterise aldehydes and ketones. In the 
sugars in question this remaining oxygen atom must be present as an aldehyde 
group, for on oxidation these sugars yield acids containing the same number of 
carbon atoms, which would not be case if the sugars were ketones (p. 604). Thus, 
the dextroses yield first gluconic acids, CHjOHIOHOHJj’COoH, and then, by 
further oxidation, saccharic acids, C02H’[CH0Hk’C0jH ; the mannoses yield 
mannonic acids and manno-saccharic acids, stereo-isomeric -with the above acids ; 
whilst the galactoses yield galactonic and mucic acids, also stereo-isomeric with 
the preceding acids. Moreover, when reduced by sodium amalgam these sugars 
yield hexahydric alcohols ; e.g. , the mannoses yield mannitols, the dextroses 
sorbitol, and the galactoses dulcitol. This behaviour on reduction shows that 
the sugars are certainly open-chain compounds, for the above-named alcohols are 
all convertible into normal hexane by hydriodic acid. The rule already referred 
to as guiding us in the interpretation of chemical constitution, namely, that one 
carbon atom cannot hold more than one hydroxyl group, may be applied to these 
sugars, when it becomes evident that the five hydroxyl groups must be attached 
to five separate carbon atoms, forming one primary and four secondary alcohol 
groups ; the sixth carbon atom may constitute the aldehydic carbon. 

That the Isevuloses and sorbinoses are pentahydric alcohol derivatives is deduced 
from the fact that they yield pentacetyl derivatives ; that they are ketonic alcohols 
is shown by the fact that when oxidised they yield two acids (p. 604). Thus, the 
Iffivuloses yield trihydroxybutyric acids, CH20H'[CH0Hk‘C0„H, 

* According to the nomenclatm-e referred to in the footnote to p. 708, rafiiuose is a tri- 
iiexon. It has also been termed melitriose, to indicate its conversion into three molecules 
of hexoses. The termination -triose is, however, unfortunate, seeing that the word triose 
has been already differently applied fp. 706). 
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and glycollic acid, CH,OH - 00 , 11 . By reduction, these sugars^ yield mannitol. 
The position of the ketone group in the open-chain representing the linvuloses 
may be said to be settled by the following facts. When Icevulose is treated witn 
HON it yields a cyano-hydrin which is almost certain to contain the group 
: 0 ( 0 H)( 0 N) in place of the group :00 (p. 563) ; when this cyano-hydrin is 
hydrolysed it yields a corresponding carboxylic acid which is equally certain to 
contain the group : 0 (OH)( 000 H) ; when this acid is reduced by bydriodic acid, 
it yields methylbutyl-acetic acid, the structure of which shows that the carbonyl 
carbon of the original IjevuIosg must have bad one carbon atom attached 
on the one hand, and four carbon atoms attached to it on the other hand. The 
following equations will make this apparent : — 

OH,OH-[OHOH],- CO -CaOH -f HCN=CH„OH -[CHOH]/ C'( 0 H)(CN) -CHoOH 

CH„OH ■ [CHOH],- C(OH){CN)- CH„OH -f 2HOH = 

OH„OH-[OHOH]y OCOHXCOOH)' CH„OH -l-NH, 

CH., 0 H-[CH 0 H] 3 - C'(OH)(COOH)-CH„OH-f I2HI = 

‘ CH3-[GH:jV CH(COOH)-CH3-l-I,„-l-6H„p. 

CH,-[CH.J/CH(C00H)-CH3or ^^a^CH-COOH is methylbutylacetic acid. 

When dextrose is submitted to a similar series of reactions it yields normal bep- 
tylic acid, CHj-LCH^l.-CHyCOOH, showing that the aldehyde group is at the end 
of the' open-chain, a position, indeed, which is the only possible one for the 

group. 

533. The constitution ,of the disaccharides is not yet known ; all that can be 
said is that they are probably anhydrides formed from two molecules of saccha- 
roses, since they break up into these by absorption of water. The two molecules 
may be of the same saccharose (as in the case of maltose) or of' different 
saccharoses (as in the case of cane-sugar). Cane-sugar and milk-sugar yield 
pctacetyl-derivatives when treated with acetic anhydride and sodium acetate, 
showing that they are octohydric alcohols. It will be noticed that maltose is 
the only disaccharide which is directly fermentable with yeast and directly 
reduces Fehling’s solution. 

534. In the above references to the saccharoses these have been always 
mentioned in the plural. This is because, being compounds which contain 
asymmetric carbon atoms, each exists in three stereo-chemical modifications, a 
dextro-rotatory form, a Imvo-rotatory form, and an inactive form. 

It was shown at p. 601, that a compound containing two asymmetric car- 
bon atoms can exist in four stereo-chemical modifications, when, as in the case 
■of tartaric acid, each carbon atom is attached to the same groups, that is, when 
the compound is of the type ale C — 0 ale. Two of these are optically active, one is 
inactive by internal compensation and one inactive by external compensation. 

In. the case of a compound of the type ale C — 0 aW there can be no inactivity 
by internal compensation. A little reflection will show that, instead, there will be 
four optically active isomerides, one in which ale and a'6'c'are both arranged to 
■cause dextro-rotation, one in which they are both arranged to cause lEevo-rotation, 
and two in which they are oppositely arranged. In addition there will be two 
externally compensated, inactive forms. 

In the formula for the glucoses, CH„OH-CHOH-CHOH-CHOH-CHOH-CHO, 
there are four asymmetric carbon atoms, represented by heavy type. Each of 
■these carbon atoms should give rise to a form and to a — form, and since the 
nature of the whole compound will depend on which carbon atoms have their 
attached groups in the -t form and which have them in the — form, there should be 
as many hexoses as there are ways of writing -f or — four times, e.g., -f -h , - 
>■! !■■■> — !■_ — 1 -,+ + -) — and so on. The number of ways will be found 

to he sixteen. Now, if the glucose formula were of the type abeC — Oa6c,* those ■ 
forms in which the and - were similarly arranged but only in opposite order, 
■^• 9 ; + - + and - -h - -f , would be identical, so that the essentially different 
ways of writing the + and - .would be reduced to ten, two of which would repre- 
sent internally compensated molecules, leaving eight active isomerides. But the 
hexose formula is of the type abcG — Ca'6'c' which does not admit of internal com- 
pensation, so that all sixteen isomerides may be expected to be found, and all 
will be active. Inactive forms can only exist by external compensation. 

" As is saccharic acid, COjH-CHOH-GHOH-CHOH-CHOH-CO.H, for example. 
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At present lo of these i6 active hexoses may be said to be known — ^viz., d- and 
Z-mannose ; d- and Z-dextrose ; <Z- and Z-gulose ; d- and Z-galactose ; and d- and 
Z-talose.* In addition to these, each hexose exists in an externally compensated 
inactive form, which is resolvable into the d- and /-forms (see p. 601). 

It has been found to be possible to orientate those carbon atoms which have 
a + arrangement of groups and those which have a - arrangement in the 
glucoses, but for a description of the method employed the student must be 
referred to the chemical dictionaries. 

534a. Synthesis. — ^Many of the above glucoses are artificial products only. The 
synthesis of sugars became possible as soon as their characteristic compounds 
with phenylhydrazine were discovered. 

Like other aldehydes and ketones the hexoses form hydrazones when heated 
with a solution of phenylhydrazine hydrochloride and sodium acetate (p. 664). 
Thus, 


CH,OH- [CHOH]^-CHO + C^Hj- NH rNHj = CH^OH -[CHOHJi-CH : N • NHC^Hs + HjO- 
CH„OH • [CHOHjj ■ CO -CH^OH + CgHj- NH : NH, = 

CH'oh- [CHOH]^- C( : N -NHCcHs)- CH^OH + H,0. 

When an excess of phenylhydrazine is used, the hydrazones become dehy- 
drogenised on account of the tendency for phenylhydrazine to become hydro- 
genised into aniline and ammonia (p. 664). The dehydrogenation of the 
hydrazones converts a ; CHOH group in the glucosehydrazone into a :CO group^ 
and a OH„OH group in the Imvulosehydrazone into a ‘CHO group. Thus the 
compounds once more become ketonic and aldebydic, and can combine with 
another molecule of phenylhydrazine. 

CHOH • [CHOH],- CH : N • NHC^H^ - H, = CH,,OH • [CHO Hjj • CO • CH ; N ' NHCgH^ 
CH„OH • [CHOHJa- C( : N • NHCsH^) • CHOH - H^ = 

■ CHjOH -[CHOHV C( :N -NHC.HJ - CHO. 


Each of these oxidation products can combine with phenylhydrazine to form 
an osazone (p. 6o6],.which will obviously be the same compound. 

CHOH • [CHOH],- CO - CH :N -NHC-Hj 1 . , , 

CH,OH - [OHOHJ 3 - C(: N -NHC.Hj) -CHO J 
CH^OH • [CH0H]3- C(.- N -NHCgHj) • CH : N - NHCsHsCesasone). 


Thus the glucoses and Isevuloses yield the same osazones, except in so far as 
these may differ stereo-chemically. 

The hydrazones are generally soluble in water, but the osazones are bright 
yellow, sparingly soluble, and easily crystallised. Thus their formation is often 
the best metho'd of identifying a known sugar or of isolating a new one. 

For this latter purpose the osazone is dissolved in cold strong HCl ; it is thus 
converted into the corresponding osone, a ketone-aldehyde ; 


CH^OH - [CH0H]3- C(: N -NHC^Hj) -CH ; N-NHCeH^ + 2HCI -f 2H3O 
= CHOH - [CHOH],- CO • CROiglucosone) + aCeH^NH - NH HCl. 

The red liquid which is formed deposits phenylhydrazine hydrochloride ; it is 
filtered and neutralised with PbC03 ; the lead compound of the osone remains in 
solution ; it is precipitated by baryta and the precipitate decomposed by HSO,. 
To convert the solution of the osone, thus obtained, into a sugar it is reduce’d by 
means of zinc and acetic acid ; 

CHOH - [CHOH3- CO - CHO -t- H = CHOH - [CHOH3- CO - CHOH. 

When dextrose is treated in this way it is converted into Itevulose. 

535. By treating formic aldehyde with lime-water it is polymerised to a mixture 
of sugars, which has been teimed formose ; trioxymethylene (p. 565)_ yields a 
similar mixture {methylenitan) under like circumstances. 

.'Two sugars, o- and p-acrose, have been prepared by the action of 

alkalies both on dibromacrolein and o.n glycerose (ps 706).' They are separated by 


* Tklucli confusion is engendered by Fischer’s custom of naming the sugars d- and l- 
without reference to their actual rotation, but according to the way in which they are 
derivable from each other. Thus, since ItBvnlose is produced from the dextro-rotating 
mannitol by oxidation it is called d-fructose, notwithstanding the fact that it is strongly 
Itevo-rotatory. . . ^ 
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taking advantage of the greater solubilitj of ^-acrosazone than of a-acrosazone 

in ethyl acetate. . . j. ._4.: 

When a-acrosazone is put through the reactions indicated above for converting 
an osazone into a sugar, it yields i-ltevulose, which by fermentation with yeast is 
converted into Wrevulose, the ^-constituent having been used by the yeast 
(see p. 601). This Msevulose is dextro-rotatory (see footnote, p. 714), and is not 
the IcEVulose found in nature. When i-lrevulose (from a-acrose) is reduced by 
sodium amalgam, it yields t-mannitol, CH20H'[0H0H]4'CH20H, which ^ 3-7 
oxidised to i-mannonic acid, CH„0H-[CH0H]/C02H. This can be resolved by 
crystallisation of its strychnine salt into Z- and cZ-mannonic acids, which by 
reduction yield first and d-mannose and then and d-mannitol. By taking 
I- and d-mannose through the phenylhydrazine reactions they yield Z- and d- 
lasvnlose. 

When I- and d- mannonic acids are heated with quinoline they are converted 
into Z- and d- gluconic acids, which are stereo-isomeric with them. By reduction 
the gluconic acids yield I- and d-glucose (dextrose). Thus a number of hexoses 
has been synthesised. 

536. The Starches aiid Celluloses. — Starch, or amylose, (OoHioOg),,, 
differs from the sugars in being insoluble in cold water, and therefore 
tasteless, and in not forming crystals, but having an organised structure 
visible under the microscope, which is not seen in any artificial product 
of the laboratory. It is an indispensable constituent of all plants 
(except fungi), and is stored up in their seeds and tubers, for the 
nourishment of the young shoots. 

To obtain starch on the small scale, flour (which contains about 60 per 
cent.) is mixed with cold water to a stiff dough, which is tied up in fine 
muslin, and well kneaded in a basin of distilled water, when the grains 
of starch pass through, leaving the tenacious gluten in the muslin. The 
milky fluid is allowed to settle for a few hours, the greater part of the 
water poured off, the starch collected on a filter, and dried by exposure 
to air. 

On tbe large scale, in England, starch is commonly made from rice, which 
contains about 80 per cent. The rice is soaked for 24 hours in water containing 
about 0.3 per cent, of caustic soda; it is then washed and ground into fiour, 
which is again soaked for two or three days in a fresh alkaline solution ; the 
starch is allowed to settle, and the alkaline Uqnid, holding the gluten in solution, 
is drawn off.* The starch is then stirred up with water, the heavier woody fibre 
allowed to subside, and the milky liquid is run off into another vessel, where it . 
deposits the starch. This is transferred to drainers, where it is allowed to get 
partly dry, and the drying is finished by gradual application of heat, when it 
splits into roughly prismatic fragments, which still retain about 18 per cent, 
of water. Commercial starch is generally coloured blue by a little ultramarine or 
smalt, in order to correct the yellow tint of linen. 

Properties of sta/rch . — Being possessed of an organised structure, starch 
varies in external aspect, according to the plant from which it is obtained. 
When powdered starch is examined by the microscope, it appears in 
grains resembling some of those in fig. 280, the largest grains being 
those of potato-starch (P), about inch in the longer diameter; the 
smallest are those of rice (R), about inch in diameter ; wheat-starch 
(W) has nearly spherical granules, inch in diameter ; (A) is the 
starch of airowroot, from Maranta arv/ndinacea, a tropical plant. When 
moistened with water and viewed under a microscope provided with a- 
polariser and analyser, starch granules behave like doubly refracting 
crystals, exhibiting a black cross when the planes of polarisation of the 
polariser and analyser are at right angles, which becomes, white when 

* The gluten is sometimes precipitated by sulphuric acid, and'used'as affeeding-stuff.' 
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the analyser is turned through an angle of 90° ; this is best seen in the 
starch of potato, Indian corn, and toits les mois (from Ganna coccinea of 
the Arrowroot order). The starch granules are composed externally of 
starch-cellulose, ,or farinose, and internally of granulose, and, perhaps, 
other isomeric bodies. 

Cold water does not act on starch, unless the cell-walls are broken by 
trituration, when a part of the granulose dissolves, yielding a solution 
which is strongly dextro-rotatory and is coloured blue by iodine, which 


•p 





gives a violet colour to farinose. When starch is heated with water to 
about 50° 0. (122° F.), the granules begin to burst, which is completed 
at about 70° 0. (158° F.), when the granulose is dissolved to a viscous 
liquid, which becomes a jelly on cooling, and a gummy mass when dried. 
The cell-wall may be dissolved in the cold by strong alkalies, acids, and 
zinc chloi'ide. When starch is heated with glycerine at 190° 0 . (374 F.), 
it is dissolved, and if the solution be mixed with alcohol, soluble starch 
is precipitated, and, while moist, may be dissolved by water or weak 
alcohol. Its strong aqueous solution becomes a jelly on standing. 

The conversion of starch into maltose and dextrin by the action of 
diastase has already been mentioned. Other enzymes, notably the 
2Jtyalin of the saliva, will effect a similar change. 

The aqueous solution of starch is precipitated by alcohol, by baryta and lime, 
and by ammoniacal lead acetate, which gives CfcHijOj.PbO.' For the behaviour 
of starch with iodine, see p. 194. When boiled with diluted sulphuric or hydro- 
chloric acid, starch is converted into glucose, maltose and dextrin (p. 706). 

When starch is heated, with acetic anhydride, it yields an insoluble compound, 
.which may be represented as C,2H,,0^(C2H30„)„. It yields starch and potassium, 
acetate when saponified by potash ; this represents starch to be a hexhydric alco- 
hol, CjjH, ^0,1(011)5. Strong sulphuric acid dissolves starch in the cold, apparentl}' 
forming a soluble sulpho-aoid. When heated, carbonisation takes place. 

When starch is heated at about 205° C. (401° F.) for some hours, it acquires a 
brownish colour and becomes soluble in cold water, having been converted into' 
the isomeric compound dextrin. This conversion of starch into a soluble form is 
important in the preparation of food. In toasting bread a portion of the starch 
is converted into dextrin, which is dissolved in toast and water. When further' 
heated, starch is carbonised and yields products of destructive distillation 
resembling those from sugar. 

537. Dextrin, or British gum, OgHj^O,, is prepared by moistening 
stareb with one-third of its weight of weak nitric acid (0.66. per cent.), 
drying it in air, and heating to 115° O. (240° F). 

There are several varieties of dextrin — e.g., erythro-dextrin, which is 
coloured red by iodine-water : and achro-dextrin, which is not coloured 
by iodine. The erythro-dextrin is formed at first when starch is boiled 
with diluted sulphuric acid, so that the blue starch-reaction with iodine 
gives place to a red, and finally ceases. Commercial dextrin gives a 
violet colour with iodine, because it contains unaltered starch and 
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erythro-dextrin ; it is sweet from the presence of glucose. It may be 
purified by dissolving in Avater and precipitating by alcohol. 

Dextrin dissolves when soaked in water, and is left on evaporation as 
a transparent mass. Its solution has twice the dextro-rotatory power of 
dextrose. It is still a matter of doubt Avbetber pure dextrin reduces 
Eehbng’s solution ; commercial dextrin does so, though not so quickly 
as glucose. It shows aldehydic properties, and when boiled with dilute 
sulphuric, or hydrochloric acid, it is converted into dextrose. Nitric 
acid oxidises it to oxalic acid, while ordinary gum yields mucic acid. 
Heated Avith acetic anhydride, it yields an acetyl-compound isomeric 
with that obtained from starch (see above), Avhich is converted into 
the dextrin-derivative by heating at 160° C. Dextrin is used by Calico- 
printers for thickening their colours ; it is used for adhesive stamps, for 
confectionery, and for stiffening surgical bandages. 

Imdin, v/as first obtained from elecampane root {Inula 

lielenium), an aromatic medicinal plant. It is also found in the roots of the dahlia, 
and in the Jerusalem artichoke, which belong to the same sub-order (Cbrym- 
hiferm), and in the roots of dandelion and chicory, belonging to the Cichoracece ; 
all being plants of the natural order Compositm. It may be extracted from 
dahlia roots, which contain 10 per cent., by boiling Avith water, which deposits 
the inniin in minute spheres on cooling. It is not coloured blue by iodine, and 
does not reduce alkaline cupric solution. It is insoluble in alcohol. Solution of 
inulin is Isevo-rotatory. When boiled with dilute sulphuric acid, it yields Irevulose. 
It also differs from starch in being unchanged by diastase. It melts at 160° C. 

Glycogen, or animal starch, (CoHio 05 )n, occurs in the liver, in blood, and in 
flesh, also in yolk of egg, and in oysters, where it is said to amount to 
9.5 per cent, of the dried fish. It is most abundant in the liver during- 
active digestion, and disappears quickly after death, being converted into dex- 
trose by fermentation. To prepare glycogen, the minced liver is extracted 
with water as long as it runs off milky ; the albumin is coagulated by boiling, 
and the filtrate mixed with alcohol, which precipitates the glycogen ; it is purified 
by boiling with weak acetic acid to remove albuminoid bodies, again precipitating- 
with alcohol, and washing with ether to remove traces of fat. When dried over 
calcium chloride, glycogen has the formula (OjHjoO^ln.HoO, and it loses the H^O 
at 100° C. It is an amorphous powder like starch, swelling in water, and yielding 
a turbid solution on heating. The solution is strongly dextro-rotatory, and gives 
a wine-red colour with iodine. Glycogen does not reduce alkaline copper solu- 
tion, and is not fermented by yeast. Diastase converts it into maltose and 
dextrin, as it does starch (p. 71 1). It is converted into dextrose when boiled with 
dilute sulphuric or hydrochloric acid, or when placed in contact with saliva or 
pancreatic juice. 

537a. Gums . — The carbohydrates of this group resemble dextrin in 
yielding auscous solutions in water, in being precipitated by alcohol, and 
in conversion into sugars by boiling with dilute acids c but the gums have 
a marked acid tendency, though they do not form well-defined salts. 
MoreoAmr, the gums yield mucic acid when oxidised by nitric acid. 

Arabin, or wt'abic add, cOgHj^Oj -k H^O, occurs in gum arable, an 
exudation from various tropical acacias. It is extracted by dissolving 
the gum in water, acidifying with HOI, and adding alcohol, which 
precipitates it in white flakes ; or the acid solution may be dialysed 
(p. 122), when the aqueous solution of arabin remains in the dialyser. 
The pure aqueous solution is not precipitated by alcohol, but the 
presence of a minute quantity of a base or a salt determines the preci- 
pitation. The aqueous solution has an acid reaction, and, on evapora- 
tion, leaves a Autreous mass, which loses water above 120° C., yielding 
metarabin isomeric Avith dextrin. This does not dissolve in water, but 
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i^creases greatly in bulk. Arabic acid decomposes alkali carbonates, 
and tbe composition of its salts indicates the formula OggHggOjj or 
HaCggHgjOjj. It appears to occur in gum arabic as arabates of calcium, 
magnesium, and potassium, since, when incinerated, the gum leaves 
about 3 per cent, of ash containing those metals. 

A.rabin gives a characteristic reaction with cupric sulphate, followed hy potash, 
which produces a hlue precipitate, insoluble in excess, and neither blackened 
por reduced by boiling, but collecting into a blue mass, leaving the liquid colour- 
less. If this mass be dissolved in HCl, and boiled for a short time, excess of 
potash gives a clear blue solution, which deposits much red cuprous oxide when 
boiled. When arabin is boiled with dilute sulphuric acid it is converted into 
araUnose or gum-sugar, 0,,H,o05 (p. 706). 

Gitm Senegal, obtained from similar sources, is used by calico-printers to 
thicken their colours. It is darker in colour than gum arabic, but also consists 
essentially of arabin. 

Iletaralin, or cerasin, is found in the gum of the cherry-tree, probably 

as calcium metarabate, which remains undissolved after the calcium arabate 
which accompanies it has been extracted by water ; when heated with lime-water, 
it is converted into calcium arabate, which dissolves. It is also found in the 
residue of beet-root from which the juice has been expressed. 

Bassorin, very similar to cerasin, occurs in Bassora gum and in gum tragacanth, 
the exudation from Astragalus tragacantlia, a Papilionaceous plant. These gums 
do not dissolve in water like gum arabic, but swell up immensely by absorption 
of water, and form a mucilage. When boiled with dilute acids it is converted 
into deJdrose. A substance very similar to bassorin is formed in the ropy or 
viscous fermentation of saccharine liquids. The mucilaginous liquids obtained by 
boiling linseed {linseed tea), quince-seed, and marshmallow root with water, contain 
bassorin, or some allied body. 

Gelose, or parabin, CijHjjO,,, forms the greater part of Ceylon moss [Gracilaria 
lichenoides') and China moss ( G. spinosa), sea- weeds which are used for making 
soups and jellies. Carrots and beet also contain gelose. When dissolved in as 
much as 500 parts of hot water, it sets to a jelly on cooling. It also differs from 
the other bodies of this group by dissolving in dilute acids, and being precipitated 
by alkalies. When long heated with alkalies it is converted into arabin. It does 
not appear to yield a sugar when boiled with dilute acids. 

538. Cellulose, (CfiHjoOs)^, is the substance which composes the walls 
of plant-cells, and is left undissolved after the matters contained in 
and encrusting the cells have been removed by various solvents. 
Hence, white filter-paper, prepared cotton- wool, and well-washed linen 
consist of nearly pure cellulose. 

Preparation of cellulose . — Sawdust is dried at no” C. and boiled with a mixture 
of alcohol and benzene to extract resinous matters. It is then washed with 
alcohol, and boiled two or three times with very weak ammonia, after which it 
is washed and digested with weak bromine-water (o. 4 per cent.) until it no 
longer decolorises the bromine-water after 24 hours. This oxidises the vasculose 
(formerly called lignin), and converts it into acids. The residue is washed, and 
heated nearly to boiling with water containing ^j^th part of its volume of strong 
ammonia; this dissolves the oxidised acids, and acquires a brown colour. .When 
this no longer increases, the residue is again washed, and the treatment with 
bromine-water repeated until no more brown colour is imparted to the ammonia ; 
a final washing with water and boiling with alcohol leave the cellulose pure. 

Properties of cellulose . — When pure, cellulose is white, opaque, exhibits 
an organised structure, is infusible and insoluble in all ordinary 
solvents. It may be dissolved by Schweitzer’s reagent, which is made 
by dissolving cupric hydroxide (p. 443) in ammonia. The cellulose 
is precipitated in flakes on addition of an acid. When contact with the 
Schweitzer’s reagent is sufficiently brief to attack the superficial fibres 
only, and the cellulose fabric is then pressed and dried, it becomes 
impervious to water ; in this way the green waterproof coverings known 
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as Wmesden paper are manufactured. Chlorine, in Ffence of moisture, 
slowly attacks cellulose, so that paper becomes brittle if the excess oi 
bleach be not hilM by an antichlore (p. 219). Iodine does not give a 
blue colour with pure cellulose, but the cellular tissue of plants is often 
blued by it, from the presence of a little starch. I’erric oxide slowly 
oxidises cellulose, and, since the ferrous oxide is repeatedly oxidised 
again, a continual oxidation and corrosion of the cellulose is kept up, 
as may be seen from the effect of iron-mould on linen and of rusty nails 
on wood. 

Strong sulphuric acid converts dry cellulose into a gummy mass 
which dissolves in the acid with very little colour in the cold. If this 
solution be immediately poured into water, it yields a gelatinous 
precipitate, but after digestion for some hours with the acid, a clear 
Llution is formed in water, and if this be largely diluted and boiled, 
the cellulose is converted, first into dextrin, and then into dextrose, 
which may be obtained as a syrup by neutralising the acid liquid with 
chalk, filtering, and evaporating. By fermenting this dextrose, the 
curious transformation of rags into alcohol may be accomplished. 
Cotton-wool dissolves in a mixture of sulphuric acid with one-fourth 
its weight of water, and, on dilution, a precipitate of amyloid^ is 
obtained, which is isomeric with cellvdose, but is coloured a fugitive 
blue by iodine. 

By immersing unsized paper in a cold mixture of strong' sulphuric 
acid with half its volume of water, it becomes converted externally 
into amyloid. This is turned to account for making vegetable parch- 
ment, which is five times as strong as paper, and is waterproof. 
After immersion in the acid, the paper is thoroughly washed with 
water and finally with weak ammonia. A strong solution of zinc 
chloride affects the paper in the same way. The parchment paper is 
translucent ; it may be boiled in water ■without disintegration ; it 
receives many useful applications, as for luggage labels which are not 
easily torn or destroyed by rain, as a substitute for bladder in tying 
over preserves, &c., and for making dialysers. 

When cellulose is left for twelve hours in sulphuric acid of sp. gr. 1.453, o’" m 
hydrochloric acid of sp. gr. r. 16, it is converted into a brittle mass of hydro- 
cellulose, which is more easily oxidised than cellulose, and dissolves 

in hot potash. This is applied for dissolving the cotton from old fabrics 
containing wool, the latter being left as shoddy. Dry rot is ascribed to a 
similar change in the wood caused by acid substances generated in its 
fermentation. 

Cellulose swells up and becomes gummy when in contact with strong potash or 
soda ; on heating to 160° 0. with strong potash, it dissolves, and the solution, 
when acidified, yields a precipitate isomeric with cellulose, but easily soluble in 
alkalies. If calico be soaked for half an hour in very strong potash or soda, and 
washed with alcohol, it is converted into C,2H2oK20,,, or C^HjolTajOj, {mercerisa- 
tion). Both compounds are decomposed by carbonic acid. When they are 
treated with CSj they form thio-carbonates which are soluble in water ; the 
solution coagulates spontaneously, and immediately on the addition of salt 
solution, the coagulum being regenerated cellulose. When cellulose is boiled 
with potash of sp. gr. 1.5 it, dissolves with a brown colour, and the solution 
deposits brown flakes [idmic acid) when acidified ; but on prolonged heating 
the colour disappears, and carbonate, oxalate, formate, and acetate of potassium 
are found in solution. By fusing cellulose with potash, abundance of notassium 
oxalate is obtained (see Oxalic acid). 

For the detection of cellulose in the microscopic examination of tissues advan- 
tage is taken of its conversion into amyloid by zinc chloride, and of the bluing of 
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this by iodine. The reagent is prepared by dissolving six per' cent, of potassium 
iodide in solution of zinc chloride of sp. gr. i.8, and adding as much iodine as it 
will dissolve. i 

By heating cellulose with B parts of acetic anhydride in a sealed tube at i8o° 0 ., 
it may be converted into hexacetyl cellulose — 

+ 6(02H30)„0 = C,,H,„0,(0CH3C0)„ + 6(H0-aH30). 

It is probable that the most acetylised derivative of cellulose which can be 
obtained is a decacetyl cellulose, 0,2H,„(0CH3C0),„, indicating that the cellulose 
molecule contains lo alcoholic hydroxyl groups. 

■ 539. Action of nitric acid on cellulose. — Cold dilute nitric acid (sp. gr. 
1,2) does not act on cellulose in the form of filter-paper, and scarcely 
when heated to 100“ C. Acid of 1.42 corrodes it, producing amyloid and 
malic acid, and, on boiling, suberic and oxalic acids. Cotton, linen, or 
paper, soaked for two or three minutes in the strongest nitric acid and 
washed, resembles parchment, and is waterproof and very combustible, 
having bedome partly converted into cellulose hexaniirate, or pyroxylin 
{gun-cotton ) ; C,3Hi,0,(0H)3 -1- 6(H0-N'03) = C,2Hj,0,(0 •NO,)^ -F 6H0H. 
This change, which is analogous to the conversion of alcohol into the 
ethereal salts, is, like that conversion, much facilitated by the presence 
of strong sulphuric acid, which may either act simply as a dehydrating 
agent or may form an intermediate sulphonic acid, 

If pure dry cellulose (prepared cotton-wool) be steeped for some time 
in a cold mixture of equal molecular weights of the strongest nitric 
and sulphuric acids, and afterwards thoroughly washed, and dried by 
exposure to air, it has the composition of cellulose hexanitrate above ' 
given, retaining the organised structure of the original cotton, but 
being somewhat harsher to the touch, and becoming highly electrified 
when drawn through the dry hand. 

Pyroxylin is insoluble in water, alcohol, and ether, either separately 
or mixed, but it dissolves in acetic ether and in ethereal solution of 
ammonia. It is not oxidised by potassium permanganate, as cellulose 
is, so that it may be used for filtering its solution. When moderately 
heated, it burns more rapidly than gunpowder, and it is detonated by 
the blow of a hammer or by the rapid vibration caused by a smart 
detonation in its vicinity. Pyroxylin dissolves in. strong sulphuric acid, 
and the solution is not blackened by heat. Strong nitric acid also 
dissolves it when heated, but it is reprecipitated by strong sulphuric 
acid or by water. Strong potash dissolves it with formation of potas- 
sium nitrate, nitrite, and oxalate, together with glucose and some other 
organic bodies. The formation of potassium nitrate would be expected 
if pyroxylin be a nitrate of cellulose. 

Potassium hydrosulphide, in alcoholic solution, reconverts pyroxylin into cellu- 
lose, potassium nitrite being found in solution — 

C.^H^O.CO-NOj)^ + 6KHS = C, 3 H„ 0 ,( 0 H )3 + dKNO^ + S^. 

This shows that pyroxylin is not, as was formerly supposed, the trinitro-celluhse, 
GgHjiNOohOs, since, in that case, the NOj group would be reduced to the NH^ 
group, and an amido-compound would be formed (p. 643). 

A strong aqueous solution of ferrous chloride containing HCl also converts 
pyroxylin into cellulose, with evolution of nitric oxide — 

Ci„H,A(0'N02)o + mFeCla + 12HCI = C,2H„0,(0H)7+ 6Fe,Ch + 6 N 0 + 6EJD. 
This would be the result expected from cellulose hexanitrate. Iron filings and 
acetic acid reduce pyroxylin to cellulose, the nascent hydrogen converting the 
NOj group into NH3 — ' 

C.3H„0,(N63h + H,3 = C,3H„0,(0H). + 6NH3 + 12H3O. . 
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Pyroxylin behaves like a nitrate when shaken with mercury and strong sulphuric 
acid evolving the whole of its nitrogen as nitric oxide. 

540 The following proportions may be recommended for preparation of gun- 
cotton on a small scale Dry 1000 grains of pure nitre (page 500) at a very 
moderate heat, place it in a dry retort (6g. 147), pour upon it 10 drachms (by 
measure) of strong sulphuric acid, and distil until 6 drachms of nitric acid have 
passed over into the receiver. Dry some pure cotton-wool, and weigh out 30 
grains of it. Mix 2^ measured drachms' of -the nitric acid with an equal volume 
of strong sulphuric acid in a small beaker. Allow the mixture to cool, immerse 
the cotton-wool in separate tufts, pressing it down with a glass rod, cover the 
beaker with a glass plate, and set it aside for fifteen minutes. Lift the cotton 
out with a glass rod, throw it into at least a pint of water, and wash it thoroughly 
in a stream of water till it no longer tastes acid or reddens blue litmus-paper. 
Dry the cotton by exposure to air or to a very moderate heat. 

Very great attention has been paid to the manufacture of gun-cotton during 
the last few years, with the object of producing a perfectly uniform product 
which might be employed as a substitute for gunpowder. 

The following is an outline of the method now generally adopted for the 
production of large quantities of gun-cotton by Abel’s process : — 

Manufacture of gun-cotton . — The cotton is employed in the form of the waste 
cuttings from spinning machines (cotton waste), and is thoroughly cleansed. 

The proportions in which it is found most advantageous to mix the nitric and 
sulphuric acids are, i part of nitric acid (sp. gr. 1.52) and 3 parts by weight 
(or 2.45 by volume) of sulphuric acid (sp. gr. 1.84). These proportions of the 
acids are placed in separate stoneware cisterns with taps, and allowed to run 
simultaneously, in slow streams, into another stoneware cistern furnished with a 
tap and an iron lid, through a second opening in which an iron stirrer is employed 
to mix the acids thoroughly. The mixture is set aside for several hours to become 
perfectly cool. 

A quantity of the mixed acids is drawn off into a deep stoneware pan standing 
in cold water, and provided with a perforated iron shelf, upon which the cotton 
may be drained. The well-dried cotton is immersed, a little at a time, in the 
acid, and stirred about in it for two or three minutes with an iron stirrer. It is 


then placed upon the perforated shelf, and the excess of acid squeezed out with 
the stirrer. Enough acid is drawn from the cistern to replace that which has 
been absorbed by the cotton, and more cotton is treated in the same way. Since 
a considerable rise of temperature is produced by the action of the nitric acid 
upon the cotton, it is necessary to keep the pan surrounded with cold water. A 
large proportion of the cotton is doubtless converted into gun-cotton in this 
preliminary immersion in the mixed acids ; but in order to convert the remainder, 
it is necessary to allow the cotton to remain ih contact with the acid for a much 
longer period, so as to insure its penetration into every part of the minute twisted 
tubes of the fibre. The preliminary immersion of each skein has the advantage of 
wetting every part with the acid, which could not be so certainly effected if 
several skeins were thrown at once into a jar, and of preventing the great 
accumulation of heat which would ensue if the entire chemical action were 
allowed to take place upon a number of skeins at the same time. . The amount 
of heat evolved during the subsequent soaking in acid is comparatively small. 

The skeins are next transferred to a jar with a well-fitting cover, in which they 
are pressed down and completely covered with the mixed acids, of which from 
10 to IS tinies the weight of the cotton will be required, according to the close- 
ness with wmch the skeins are packed in the jar. The jar is placed in cold water, 
and the cotton allowed to remain in the acid for about twelve hours. 

The skeins are then removed, with the aid of an iron hook, to a centrifugal 
extractor, which is a cylinder made of iron gauze, through which the liquid is 
whirled out by the rapid rotation of the cylinder upon an axle. In this they are 
whirled, at first slowly, and afterwards at 800 revolutions per minute, during ten 
minutes, when the bidk of the acid is separated. In order to wash away the 
remainder of the acid, the cotton is plunged, suddenly, into a cascade of water ; 
for if the water were allowed to come slowly into contact with the mixed acids so 
much heat would be evolved as to decompose a portion of the pyroxylin. The 
wtton IS then drained in the centrifugal extractor, and again rinsed in much 
water. Mter two or three nnsings it is reduced to pulp in a rag-engine such as is 
employed in paper-mills. The pulp is thoroughly washed by being well stirred by 
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B,-poacliing-enginc for about forty-eight hours in a stream of warm water, so as to 
remove every trace of acid, which is assisted by rendering the water alkaline 
with a little lime or carbonate of soda or with ammonia. The pulp is then 
drained, moulded into discs or any other required form, condensed by hydraulic 
pressure until it has at least the same specific gravity as that of water, and dried 
upon heated plates. As it leaves the hydraulic press, the cotton contains about 
one-fifth of its weight of water, so that it may, if required, be cut up or bored 
without danger of explosion. 

The finished gun-cotton is examined by the following tests : — 

1. Pour grains are heated in a test-tube placed in an oil-bath, and containing 
a slip of moistened paper imbued with potassium iodide and starch (to detect 
nitrous vapours). No tinge should be imparted to the paper till the temperature 
of the oil reaches 190° F. (S8° C.). 

2. The experiment is repeated, omitting the test-paper, and closing the tube 
with a disc of card. No brown fumes should be perceived on looking down the 
axis of the tube below a temperature of 320° P. (160° C.). 

3. One grain is heated in a test-tube placed in an oil-bath till it explodes, 
which should not happen below 343° P. (173° C.). 

4. The gun-cotton should dissolve entirely in acetic ether, which would leave 
any unconverted cotton undissolved. 

5. Fifty grains of the gun-cotton should suffer little loss in weight when 
digested for two or three hours with four ounces of a mixture of i volume alcohol 
and 2 volumes ether, which would dissolve any collodion-cotton. 

S41. Products of the explosion of gun-cotton. — From what has been stated with 
respect to the products of explosion of gun-powder (page 495), it might be expected 
that those furnished by gun-cotton would vary according to the conditions under 
which the explosion takes place. When a mass of the gun-cotton wool is exploded 
in an unconfined state, the explosion is comparatively slow (though appearing to 
the eye almost instantaneous), since each particle is fired by the flame of that 
immediately adjoining it, the heated gas (or flame) escaping outwards, so that 
some time elapses before the interior of the mass is ignited. But when the gun- 
cotton is enclosed in a strong case, so that the flame from the portion first ignited 
is unable to escape outwards, and must spread into the interior of the mass, this 
is ignited simultaneotisly at a great number of points, and the decomposition 
takes place far more rapidly ; a given weight of cotton being thus consumed in a 
much shorter time, a far higher temperature is produced, and the ultimate results 
of the explosion are much less complex, as would be expected from the well- 
known simplifying effect of high temperatures upon chemical compounds. 

If a tuft of gun-cotton wool be placed at the bottom of a tall glass cylinder 
and inflamed by a heated wire, it will be seen that, immediately after the explo- 
sion, the gas within the cylinder is colourless, but it soon becomes red, showing 
that nitric oxide was present among the products, and became converted into 
nitric peroxide by the oxygen of the air. The water formed by the combustion 
of the hydrogen converts the nitric peroxide into nitrous and nitric acids (p. 155), 
and hence the acid character of the moisture deposited in the barrel of a fowling- 
piece in which gun-cotton cartridges are employed. 

A little 'hydrocyanic acid can be detected among the products of combustion of 
loose gun-cotton. 

Sairrau and Vieille, employing a gun-cotton containing 3 parts of cellulose 
hexanitrate and i part of cellulose tetrauitrate, C,2Hjj0j0H)2(N03)j, obtained, 
per gram of gun-cotton — 

Carbonic oxide ....... 234 cub. cent. 

Carbon dioxide 234 „ 

Hydrogen 166 „ 

Nitrogen 107 „ 

Total 741 „ 

At low pressures, steam was also produced, together with more carbonic oxide 
and less carbon dioxide. 

Berthelot estimates the pressure produced by the detonation of gun-cotton, 
compressed to a density of i.i, at 24,000 atmospheres, or about 160 tons per 
square inch, being only half the pressure assigned by him to the detonation of 
mercuric fulminate. 



GUN-COTTON COMPAE.ED 'WITH GUNPO^YDER. 7^3 

The experiments hitherto made have been unfavourable to the employment of 
gun-cotton as a substitute for gunpowder in artillery, on account of the m]ury 
which its violent explosion occasionally inflicts upon the gun. For use m fowl- 
inff-pieces, the K^n-cotton pvilp is diluted witli a proportion of ordinary cotton 
pulpT and made into a kind of paper which is rolled up to form the cartridges, 
^though such cartridges leave a considerable carbonaceous residue when fired 
on a plate, they leave little or no residue when fired under pressure. _ 

If a piece of compressed gun-cotton be kindled with a hot wire, it burns 
rapidly away, producing a large volume of flame, but without any explosive effect. 
In order that gun-cotton fired in this manner might be used for destructive pur- 
poses, it was found necessary to confine it in strong cases, so that the flame of 
the portion first ignited should be employed in raising the temperature of the 
rest to the exploding point. 

The discovery, made by E. 0 . Brown, of a method by which the unconjincd 
gun-cotton could be made to explode with most destructive violence, has opened 
a new career to this material, rendering it far superior to gunpowder for all blast- 
ing operations, torpedoes, &c. It is only necessary to explode in contact with 
the compressed cotton a detonating fuze, consisting of a little tube of quill or thin 
metal charged with a few grains of mercuric fulminate, to cause the cotton to 
detonate with extreme violence ; and such detonation can be communicated 
, along a row of pieces of compressed, cotton placed at short distances from each 
other. 

This capability of undergoing what may be termed sympathetic explosion is by 
no means confined to gun-cotton. Previously to Brown’s discovery, Nobel had 
shown it to exist in the case of nitroglycerine, and Abel afterwards proved that 
most explosives, including even gunpowder, can be made to detonate in a similar 
manner. The modus operandi of the detonating fuze appears, from the experi- 
ments of Abel, as well as from those of Champion and Pellet, to consist in the 
influence or vibratory motion, and the nature of the motion necessarily depends 
upon the nature of the explosive. That it is not a result of the action of heat is 
proved by the circumstance that wet gun-cotton maybe exploded by a detonating 
fuze, so that torpedoes may be charged with a mixture of gun-cotton pulp and 
water, containing 15 per cent, of the latter, if a small charge of dry gun-cotton be 
placed in contact with the fuze. It has been found that the wet gun-cotton is 
more easily detonated when in a frozen state. 

The very destructive effect of the gun-cotton exploded in this way is, of course, 
due to the sudden manner in which the whole mass is resolved into gaseous pro- 
ducts. When heat is the cause of the explosion, it must be comparatively slow, 
for gun-cotton transmits heat slowly, but the vibration caused by detonation is 
transmitted with the velocity of sound, and the explosion becomes[]_rapid in pro- 
portion. 

542. Properties of gun-cotton compared with those of gunpowder. — Gun-cotton is 
more easily exploded than gunpowder ; the latter requires a temperature of at 
least 600° F. (316° C.), whilst gun-cotton may explode at 277° F. (136° 0 .), and 
must explode at 400° F. (204° C.). It is very difficult to explode gunpowder by 
percussion, even between a steel hammer and anvil ; but gun-cotton invariably 
detonates in this way, though the explosion is confined to the part under the 
hammer. The explosion of gun-cotton is, of course, unattended by any smoke, a 
most important advantage in mines, the atmosphere of which is sometimes ren- 
dered almost intolerable by the smoke of gunpowder used in blasting, but death 
has been caused by the large amount of carbonic oxide generated by the gun- 
cotton. The absence of residue from the gun-cotton prevents the fouling of guns, 
and renders it unnecessary to sponge them after each discharge, for the amount 
of incombustible mineral matter present in the cotton is very small (from i to 2 
per cent.), and is entirely spattered by the explosion. 

It has already been mentioned that the explosion of gun-cotton does not impart 
so much heat to the metal of the gun as that of powder, the difference beinc so 
great that, after firing 100 rounds with gun-cotton, the gun was not so rmich 

* Too much stress, however, should not be laid upon this as rendering gun-cotton 
magazines safer in case of fire than gunpowder magazines. The experiment with gun- 
powder mentioned at page 499 shows that if all the particles of an explosive be raised at 
once to nearly the inflaming point, the first particle which inflames wiU cause the detona- 
tion of the remainder. Since the inflaming point of gun-cotton is low, the above condi- 
tion would bo easilj' fulfilled in a conflagration. 
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heated as after 30 rounds with gunpowder. This important advantage of gun- 
cotton is probably due to the circumstance that the charge of gun-cotton is only 
one-third of the charge of powder, that the explosion of the former is so much 
more rapid, leaving less time for the communication of heat to the metal, and 
that there are no highly heate'd solid products left in contact with the gun. Gun- 
cotton wool may be fired upon the palm of the hand with impunity, or upon a 
heap of gunpowder without kindling it ; although it cannot be doubted that the 
temperature of the flame is really much higher than the inflaming point of 
powder. That the recoil of a gun charged with gun-cotton is only two-thirds of 
that experienced with gunpowder is probably due to the rapidity of the explosion, 
which allows less time for overcoming the inertia of the gun ; the difference in 
recoil taking the form of strain upon the metal composing the gun. 

It is evident, from the consideration of its manufacture, that gun-cotton is 
entirely uninjured by water, so that a store of this explosive is kept immersed in 
water ; whereas gunpowder is, of course, rendered useless by contact with water, 
which dissolves out the nitre. Even when exposed to very damp air, gunpowder 
is liable to injury from the effect of moisture in partially separating the nitre 
from the other ingredients, whilst gun-cotton only requires exposure to a dry 
atmosphere for a short time to render it fit for use. The proportion of moisture 
retained by gun-cotton, in the ordinary state of the atmosphere, is 2 per cent. 

As an objection to the employment of gun-cotton as a substitute for gunpowder, 
it has been asserted that the cellulose hexanitrate is liable to undergo spontaneous 
decomposition, which might at any time render the contents of a magazine 
unserviceable, or might even give rise to the evolution of a sufficient amount of 
heat to cause an explosion. The origin of this objection is to be traced to the old 
process for preparing gun-cotton, in which the acids were not allowed to act upon 
the cotton for a sufficient length of time, so that the whole of the cotton was not 
converted into true gun-cotton, but some less stable substitution-products were 
formed at the same time. Another cause of spontaneous alteration is the im- 
perfect washing of the gun-cotton, whereby minute traces of acid are left in the 
fibre. All recent experiments, by Abel and others, appear to have proved that, 
considering its highly complex character, pure gun-cotton is a very stable com- 
pound under ordinary conditions ; although, when kept in a moist state, it 
develops traces of acid-products, the temperature does not rise to any important 
extent, nor is the explosive quality of the material at all injured. A little carbolic 
acid is sometimes added to wet gun-cotton kept in store, to prevent the growth 
of mould. 

Nitrated cellulose is the main constituent of several modern sporting powders 
such as E. O. sporting powder, E. C. rifle powder, and Sclndtze’ s powder. 

543. Soluble pyroxylin, or collodion-cotton, is a mixture of cellulose 
nitrates lower than the hexanitrate, e.g., the penta-, tetra-, tri-, and di- 
nitrates. It is the product of the action upon cellulose of a mixture of 
nitric and sulphuric acids slightly diluted with water 

(HNO3 -f HjSO^ + ifHoO). 

It differs from pyroxylin in being soluble in a mixture of ether with 
one-seventh of alcohol, yielding a viscous solution, which leaves the trans- 
parent collodion film when evaporated. It is much less rapidly com- 
bustible than pyroxylin. 

In order to prepare the soluble cotton for collodion, 3 measured ounces of 
ordinary nitric acid (sp. gr. 1.429) are mixed with 2 ounces of water in a pint 
beaker. Nine measured ounces of strong sulphuric acid (sp. gr. 1.839) added 
to this mixture, which is continually stirred whilst the acid, is being added. A 
thermometer is placed in the mixture, which is allowed to cool to 140° F. j 
100 grains of dry cotton-wool, in ten separate tufts, are immersed in the mixture 
for five minutes, the beaker being covered with a glass plate. The acid is then 
poured into another beaker, the cotton squeezed with a glass rod, and thrown 
into a large volume of water ; it is finally washed in a stream of water till it is no 
longer acid, and dried by exposure to air. 

Collodion balloons . — These balloons may be made in the following manner : — 
Six grains of collodion-cotton, prepared according to the above directions, are 
issolved in a mixture of i drachm of alcohol (sp. gr. 0.835) 2 drachms of 
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ether (sp. gr. 0.725) in a corked test-tube. The solution is poured into a dry 
Elorence flLk, which is then turned about slowly, so that every part of its 
surface may be covered with the collodion, the excess of which is then allowed to 
drain back into the tube. Air is then blown into the flask through a long glass 
tube attached to the bellows as long as any smell of ether is perceptible. A pen- 
knife blade is carefully inserted betv^een tbe fiask and tbe neck of tbe baUoon, 
which is thus detached from the glass all round ; a small piece of glass tubing is 
introduced for an inch or two into the neck of the balloon, so that the latter may 
cling round it. Through this tube air is drawn out by the mouth, until one-hall 
of tbe balloon has left the side of the flask and collapsed upon the other half ; by 
carefully twisting the tube, the whole of the balloon may be detached and drawn 
out through the neck of the flask, when it must be quickly untwisted, distended 
by blowing through tbe tube, tied with a piece of silk, and suspended in the air 
to dry. The average weight of such balloons is 2 grains. 

CeLlttloid, or artificial ivory, or xylonite, used for combs, billiard balls, &c., is 
essentially compressed collodion-cotton mixed with camphor and zinc oxide. 

When collodion-cotton is kept for some time, especially if at all damp, it 
undergoes decomposition, filling the bottle with red fumes, and becoming con- 
verted into a gummy mass, which contains oxalic acid. 

544. Many plant tissues differ from cellulose, only in their behaviour towards 
hydrolytic agents and Schweitzer’s reagent (p. 718). They appear to be com- 
pounds of true celluloses (or perhaps oxycelluloses, richer in oxygen than is 
cellulose) with non-celluloses. Some are described below under their old titles ; 
in more modern phraseology they are termed ^ecto-ce?futoses, ligno-cellvloses, adipo- 
celluloses, &c. 

Fara-cellulose is distinguished from cellulose by not dissolving in ammonio- 
cupric solution until it has been boiled with very dilute hydrochloric acid ; it is 
found in the epidermic cells of leaves and in root-tissue. 

Meta-cellulose is insoluble in ammonio-cupric solution, even after boiling with 
hydrochloric acid ; it also differs from cellulose by dissolving in cold moderately 
dilute sulphuric acid. It occurs chiefly in fungi and lichens. 

Vasculose, GjjHjjOg, is the chief constituent of the vessels which bind the wood- 
cells and fibres together. It may be obtained by boiling the pith of the willow 
with vei7 dilute HCl to convert the para-cellulose into cellulose, and then digest- 
ing it with ammonio-cupric solution to dissolve the cellulose. Vasculose is dis- 
solved when heated, under pressure, at 130° 0, with moderately strong alkaline 
solutions, to a brown liquid which gives a dark brown precipitate with acids. 
This is turned to account for extracting vasculose from the crude fibre, such as 
wood and straw, intended for the manufacture of paper, the cellulose being left. 
It is also acted on by oxidising agents, such as chlorine-water and chloride of 
lime, which do not attack cellulose, but convert vasculose into resinous sub- 
stances soluble in alkalies. 

The proportion of vasculose increases with the hardness and density of the 
wood. Poplar contains 18 per cent, of vasculose and 64 per cent, of cellulose 
and para-cellulose, whilst oak contains 28 per cent, of vasculose and 53 of cellulose 
and para-cellulose, and iron wood (Ostrya viryinica) contains 40 per cent, of 
vasculose and 27 of cellulose and para-cellulose. The shells of nuts contain more 
vasculose in proportion to their hardness ; walnut shells contain 44 per cent., 
and cocoa-nut shells 58 per cent. Vasculose is always accompanied in the wood 
by resinous matters, which give rise to the difference of colour in woods, and by a 
small quantity of nitrogenised matter, and of ash deposited with it from the sap, 
Quiose is obtained from the outer layer of the epidermis of leaves and fruits by 
extracting with boiling dilute hydrochloric acid, ammonio-cupric solution, alcohol, 
and ether (to extract waxy bodies). It is much richer in carbon and hydrogen 
than is cellulose, containing 68. 29 per cent, of G, 8.95 per cent, of H, and 22. 76 per 

dissolves slowly in boiling dilute solutions of alkalies 
and their carb(j^^ves, and is reprecipitated by acids. When dissolved in concen- 
trated solution potash, there are separated, on adding an acid, two easily fusible 
acids re^n^ling fatty acids; these are oleocutic acid, and stearocutic 

acid, Cutose is believed to be a compound of these acids. 

Cutosp appears to be identical with the suberin found in corJc, which is found 
to contain 43 per cent, of cutose, 29 of vasculose, 12 of cellulose and para-cellulose 
and 9 per cent, of substances soluble in ether and alcohol. 

ITunicin, or animal cellulose, is prepared from the outer covering or 
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mantle of the mollusks belonging to the class Timicata. The mantle is long boiled 
with hydrochloric acid and potash, in succession, and the residue washed with 
water, alcohol, and ether. Tunicin is left as a translucent mass, so closely re- 
sembling cellulose in properties that it is believed by some chemists to be identical 
with it. 

Ohitin, CpHjsNO, is the chief constituent of the shells of crabs, lobsters, and 
beetles, and is left after exhausting them with water, alcohol, ether, acetic 
acid and alkalies. It is a white translucent substance, which dissolves in cold 
concentrated sulphuric acid, giving a solution which yields glucose when diluted. 


XIV. GLTJCOSIDES. 


545. The compounds belonging to this class are capable of conversion 
into a sugar and some other compound by the action of acids, alkalies, 
and certain ferments, the change being generally the result of hydrolysis 
(p. 256). They are chiefly found in plants, and generally yield products 
of decomposition belonging to the aromatic group. Some of them have 
been already noticed. “■ 

Salicin, OjglljgOj, is extracted from willow-bark {Salix) by boiling it 
in water, removing the colouring matter and tannin from the solution 
by boiling with lead hydroxide, precipitating the excess of lead by II,S, 
and evaporating the filtered liquid, when the salicin crystallises in 
needles which may be recrystallised from alcohol. It forms bitter 
colourless prisms which dissolve in about 30 parts of cold water ; it is 
more soluble in alcohol, but insoluble in ether. It is readily dis- 
tinguished by the bright red colour which it gives with strong sulphuric 
acid, which detects it when applied to the inner bark of the willow. 
When fermented by emulsin (p. 566) or saliva, its aqueous solution 
yields glucose and salicyl-alcohol or saligenm — 


■i- 


Pe of 


0„H,gO, -t- H.O = CsHjA + C„H,(OH)-OH„-OH. 

The saligenin gives a blue colour with ferric chloride. 

When solution of salicin is boiled for some time with dilute sulphuric 
or hydrochloric acid, it yields an amorphous precipitate of salireiin, a 
product of the decomposition of saligenin — 

2C,Hg02 {saligenin) = II„0 -t- C^H^Og (saliretin). 

Sulphuric acid and potassium dichromate convert salicin into oil 0^ 

(p. 567). Fused with potash, it yields potassium salicylate, 
nitric acid converts salicin into helidn : OjjHjgO- -1- 0 = Ojgllj,^ 

This is also a glucoside, yielding glucose and oil of spiraa wl^®^ witn 
lysed by ferments or acids ; OjgHjgO^ -f 11,0 = CgHj^Og + 0,11^.^® trans, 
nitric acid converts salicin into nitrosalicylic^i^d, 0^11 ^ (011 
When acted on by chlorine, salicin yields substlNjution-prof jn- 

ing one, two, and three atoms of chlorine, and tO^ measured ounce^|.jj 
dilute acids, yield the corresponding chlorosaligenifl^r. ^839) are ar 
Salicin is occasionally administered as a febrifugdfc being ad(?ommoE 
adulteratidn of quinine. ^tool to j 

Fopulin, or lenzoyUalidn, C, 3 H„( 0 ,H 50 ) 0 „ is a sweet crysta, 
together with salicin, in the bark and leaves of the aspen {Popfi 
of the Willow order, and may be extracted in the same wav ^ 
boiled with barium hydroxide, it yields salicin and benzoic acid 

* They will probably be shown to be ethereal alcohol derivatives 
pounds, closely resembling glucosides in behaviour, have been synthesisel 
sugars in alcohols and saturating with hydrogen chlorifln +1- 

alcohol and glucose have yielded methylglucoside, CfHii(UCH )0” 
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barium benzoate ) ; C,3H„(C,H50)07 + H „0 — C,sH,gO, + OyHjO’OH. Boiled with 
dilute acids, it is. converted into benzoic acid, saliretin, and glucose, it' is 
obtained artificially by fusing salicin with benzoic anhydride— 

C,3H,30, + (0,H30)„0 = C33H„(C3H30)0, + C^H^O-OH. 

Arhutin, OioHigO,, is found in the leaves of the bear-berry {Arbutus xma ^lrsi), 
an astringent plant of the Heath order, sometimes used medicinally and in 
umbellata, also a medicinal plant of the closely allied Winter-green order. It may 
be prepared like salicin, and crystallises in bitter needles from its aqueous solu- 
tion. Emulsin or dilute acids decompose it into glucose and hydroquinone — 

-b H „0 = -b C 3 H,( 0 H)„. 

Phlorizin, C.,,H2iO,„ ( 0 Xot 6 s, bark, and pl^a, root), is extracted by hot alcohol 
from the root-bark of the apple, pear, plum, and cherry tree. It crystallises from 
hot water in bitter needles with 2Aq. When boiled with dilute acids, it yields 
glucose and piiforeh'ji ; When exposed to air 

in the presence of ammonia, it is .converted into a fi.ne purple colouring matter, 
plilorizein, CoiHjjNoOjj = (C„,H„40,3 + 2NH3 -f O3). 

OlycyphylCin, 0 .,,‘H„, 0 g, is "a crystalline substance allied to phlorizin, extracted 
from the leaves oiSmilax glycyphylla, an Australian plant of the Sarsaparilla order. 

It is sparingly soluble in cold water, but dissolves in hot water and in alcohol. 
Its solution tastes like liquorice. It does not reduce alkaline copper solutions, 
and is not precipitated by normal lead acetate, though it is by the basic acetate. 
When boiled with dilute sulphuric acid, it yields phloretin and rhamnose (p. 706) — 

+ H3O = C, 3 H „03 + C 3 H„(CH 3 ) 03 . 

Hesperidin, OgjHjgO,.., is contained in the fruit, leaves, and stalks of the orange- 
tree and other members of the same family ; it is resolved by acids into glucose 
and hesperitin, 

JSsculin, CijH.sOj, is extracted by boiling water from the bark of the horse- 
chestnut (uPiiculus hippocastanum),' sometimes used as a febrifuge. The infusion 
of the bark is mixed with lead acetate, to precipitate the tannin and colouring, 
matter, filtered, the excess of lead precipitated by HjS, and the filtered solution 
evaporated, when sesculin .crystallises in colourless needles containing 2Aq, 
sparingly soluble in cold water, but readily in hot water and in alcohol. , The 
aqueous solution is slightly bitter, and has a strong blue fluorescence, destroyed 
by acids and restored by alkalies. Emulsin and boiling dilute acids convert 
' resculin into glucose and msculetin, a dihydroxycoumarin {p. 591) — 

^IsHlsOg + H „0 = CgHijOg + CgHgOj. 

iEsculetin exists, in small quantity, in horse-chestnut bark. Paviin or fraxin 
accompanies sesculin in horse-chestnut bark. It is more soluble in ether than is 
sesculin, and has a green fluorescence. Fraxin is obtained in larger quantity 
from the bark of the ash {Praxinus excelsior), which is also febrifugal. Trees of 
the genus Pavia, belonging to the same order as horse-chestnut [soap-iuorts), yield 
more paviin than sesculin. The formula of paviin is not settled. 

546. Amygdalin, is extracted from bitter almonds, the 

kernels of the fruit of Aniygdalus communis, of which one variety 
yields the sweet almond, containing no amygdalin. The almonds are 
pressed to extract the fixed oil (not the essential oil, but a glyceride), 
and the hitter-almond cake is boiled with alcohol, from which the amyg- 
dalin crystallises in pearly scales which dissolve in water, and crystallise 
from it in prisms with 3Aq. Amygdalin maj’’ also be extracted from 
the kernels^ of peaches and nectarines, both fruits of varieties of amyg- 
dalus. It is also present in the leaves and kernels of several species of 
cherry, and the bitter-almond oil formed from it confers the flavour 
upon cherry-brandy, noyau, ratafia, and maraschino. The production 
of glucose, hydrocyanic acid, and benzoic aldehyde, by the action of 
emulsin on solution of amygdalin, has b^-'m already noticed (p. 566). 
When long boiled with baryta, it yields amih.^’a and the barium salt^i 
artiygdalic acid, This acid is a glfiuthide, for when boife?^. 

"with dilute acids it is converted into glucose and mandelic acid fn cSo) ^ 

C’»S«sOi3+2H30 = 20,H,A + C8H803. ./ 
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Daphnin, CisHijOg, isomeric with sesculin, is obtained from the bark of Daphne 
mezereum, used as a remedy for toothache. Dilute acids convert it into glucose 
a.nd. dapimetin, a dihydroxy-coumarin (p. 591); C,jH,g0g + H20 = 05H,„0g+CgHg0^. 

Convolvulin, OjjHjgOjg, and its homologue jalapin, CgiHjjO,,,, are the purgative 
principles of certain of the Convolvulacece, suchas jaZop and scammony. They are 
amorphous bodies, which yield glucose, and, respectively, convolvidinol, CuHj^Oj, 
and jalapinol, C^HgoOg, when hydrolysed by acids or emulsin. Turpethin, isomeric 
with jalapin, is extracted from the roots of Convolvulus turpethum, also used as a 
purgative. 

Melleborein, CjgH^,0,5, is the narcotic poison from the root of black hellebore, a 
plant of the Buttercup order. It crystallises in needles, which dissolve easily 
in water, but sparingly in alcohol. 

Digitalin is the poisonous glucoside extracted from the seeds of the foxglove 
{Digitalis purpurea). It is crystalline, sparingly soluble in water and ether, but 
dissolves in alcohol and chloroform. Strong sulphuric and hydrochloric acids 
dissolve it with a green colour. Its formula is not known. 

Saponin, CjoHj^Ojg, is found in the soap-wort, in the root of the clove-pink, which 
belongs to the same natural order ( Caryophyllacecc), in the pimpernel, and in the 
fruit of the horse-chestnut. It may be extracted by boiling alcohol, which 
deposits it as an amorphous powder on cooling. It is soluble in water, and its 
solution lathers like soap. This leads to the use of decoctions containing it, such 
as that of the soap-nut of India, for cleansing delicate fabrics. . The dry powder 
of saponin causes sneezing. 

Ooniferin, CjgHjgOg.aAq, crystallises from the gummy liquid found, in the spring, 
between the inner and outer barks of coniferous trees. In contact with water 
and emulsin, it yields glucose and coniferyl alcohol — 

C.gHggO HgO = + C.gHjgOg. 

The latter is a crystalline body, soluble in ether, and smelling of vanilla. When 
distilled with potassium dichromate and sulphuric acid, it yields acetic aldehyde 
and vanillin; CjoHuOj-f- 0 = GjH^O + Cg^s^s (P- 5 ^ 7 )' 

Quercitrin, CjjHjjOjg, is the colouring matter of quercitron bark, and is also found 
in horse-chestnut flowers, and in grape-vine, sumach, and catechu. It may be 
extracted from quercitron bark by alcohol, the tannin precipitated by solution of 
gelatine, and the filtrate evaporated. Quercitrin forms yellow crystals, sparingly 
soluble in water. Dilute sulphuric acid converts it into rhamnose and quercetin; 
OggllsjOjo -1- H„ 0 = 2CjH(|(CH 3)05 -1- Oj^HjgO,,. This last, also caQeA flavin, is found in 
heather, in tea, and in the root bark of apple and other trees. It is a yellow 
crystalline body, which is sparingly soluble in water and more soluble in alcohol. 
It may be sublimed in yellow needles. Butin, which occurs in rue and in capers, 
much resembles quercitrin. 

Antiarin, OnH^gOj.aAq, is the principle of the Javanese arrow-poison, upas- 
antiar, the juice of Antiaris toxicaria, a large tree of the Bread-fruit tribe. It may 
be crystallised from the alcoholic extract of upas, and is soluble in water and 
ether. With acids, it behaves like a glucoside. 

547. Unclassified Vegetable Pbinoifles eesembling Glucosides. — 
Picrotoxin, OijHjgOg, is a narcotic poison contained in Cocculus indicus, the fruit of 
Anamirta paniculata, a tropical trailing shrub of the order Menispermacecc. The 
fruit has been sometimes used as a hop-svbstitnte by brewers. Picrotoxin may be 
extracted from the seeds by boiling with alcohol, from which it crystallises in 
needles ; it is sparingly soluble in water, and soluble in ether. Quassiin, CjoH^gOig, 
is another crystalline bitter principle, extracted by alcohol from quassia chips, 
the wood of Picrasma excelsa (bitterwood). This is also said to be used as a hop- 
substitute, and is not poisonous, except to flies. It is administered as a tonic. 
Water dissolves it sparingly, but acquires a bitter taste. Calumbin, is a 

substance of the same kind, extracted from oalumba root {Cocculus pdlmatus). 
Santonin, OijHjgOg, is the bitter principle of the seeds of Artemisia santonica 
(loorm-seed) and of Artemisia absinthium (loormwood) ; it may be extracted from 
absinthium by mixing it with lime and boiling with weak alcohol ; the solution 
is evaporated and the residue boiled with acetic acid, which deposits colourless 
prisms of santonin, which become yellow when exposed to light. It is insoluble 
in water, but dissolves in alcohol and ether ; it is dissolved by alkalies, yielding 
santonates, e.g., sodium santonate, NaCjsHjgO,, from which santonic acid,ILC,flJ,fi^, 
may be obtained by shaking with HCl and ether. Santonin is moderately 
poisonous, and affects the perception of colours, rendering violet invisible ; it is 
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contained in the liqueur known as crime d' absinthe, or Wermuth. Gentiamn, 

0 H 0 is extracted by ether from the Toots of the yellow gentian, used as a 
hitter and tonic. It forms yellow needles, sparingly soluble in water, but freely 
in alcohol and ether; also soluble in alkalies, with a strong yellow colour. 
Materin (iXarijpios, driving away, in allusion to its drastic quality), is 

the active principle of the dragelaterium, obtained from the juice of the squirting 
cucumber {Momordica elaterium). It is crystalline, insoluble in water, but soluble 
in alcohol and ether. It admits of sublimation. Kosine, CaiHjgOjo, is the active 
principle of Kousso, an Abyssinian plant used as a vermifuge ; it crystallises in 
yellow needles, which are insoluble in water, but soluble in ether and alcohol. 
Aloin, C,jH,gOj, is a crystalline bitter-sweet substance extracted from aloes, the 
dried juice of various species of aloe. 

Olycyrrhizic acid (formerly called glycyrrhizin), O^^H^NOjg, is extracted from 
dried liquorice root {Glycyrrhiza glabra) by dilute acetic acid; alcohol is added 
and the filtrate evaporated to a syrup. It is amorphous and has a sweet taste. 

548. Vegetable colouking matters. — Notwithstanding the ^eat 
variety and beauty of the tints exhibited by plants, comparatively 
few yield colouring matters which are sufficiently permanent to be 
employed in the arts, the greater number of them fading rapidly as 
soon as the plant dies, since they are unable to resist the decomposing 
action of light, oxygen, and moisture, unless supported by the vital 
influence in the plant ; some of them even fade during the life of the 
plant, as may be seen in some roses which are only fully coloured in 
those parts which have been screened from the light. The vegetable 
colouring matters may be classed under three divisions : (i) those 
which exist ready formed in the plant, such as turmeric and safflower ; 
(2) those which are formed by the conjoint action of alkalies and 
oxygen, as in the cases of logwood and archil ; (3) those which belong 
to the class of glucosides. ^ 

Chlorophyll (from x^wpov, green ; ^vXKov, a leaf), the abundant green 
colour of plants, has not been obtained in a perfectly pure state, on 
account of its inability to crystallise or volatilise. The want of exact 
knowledge of the chemistry of this body is especially felt because its 
physiological importance to plants is of the highest order. It is 
evidently active in constructing the tissues of the plant from carbonic 
acid, water, ammonia, &c., derived from the air and soil. It may be 
extracted from the leaves of plants by boiling with alcohol, or ether, or 
benzene. 

The purest product yet obtained was prepared by allowing the alcoholic 
extract of the leaves 10 stand for some time, filtering off the deposit, and 
shaking the filtrate with one volume of ether and two volumes of water. The 
ethereal layer, which contains all the chlorophyll, is shaken with water as long 
as the latter reduces alkaline copper solution ; it is then allowed to evaporate, 
when it leaves the chlorophyll as a bright green residue. When this is dissolved 
in alcohol, and boiled with dilute sulphuric or hydrochloric acid, the solution 
gives the glucose reaction with alkaline copper solution, rendering it probable 
that chlorophyll is a glucoside. 

Cblorophyll dissolves, in cold strong sulphuric acid, to a green solu- 
tion which gives a dark green precipitate on dilution, and the fi.ltrate 
gives the glucose reaction. If the green precipitate or the original 
chlorophyll is boiled ^yith alcoholic potash, the solution, when neutralised 
vdth hydrochloric acid, gives a yellow precipitate {phylloxanihin), and 
the solution retains a blue colouring matter (phyllocyanin) which con- 
tains nitrogen. The autumnal colour of leaves is perhaps due to the 
disappearance of the phyllocyanin. Green leaves assume an autumnal 
tint when immersed in chlorine. Iron is said to be an essential const!- 
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tuent of clilorophyll ; if iron be absent from the plant’s food, chloro- 
phyll is not developed. 

The blue colouring- matter contained in many flowers, such as the 
violet, has been named cyanin. Acids redden it, and hence only those 
flowers which have a neutral juice are blue; red flowers yielding an 
acid juice. The colouring matter of grapes and of red -wine appears to 
be cyanin. 

549- Saffron is a yellow colouring matter, obtained from the flowers of Crocus . 
sativus, which are purple, with yellow anthers. VTien these are dried and pressed 
into cakes they form the saffron of commerce, which has an agreeable odour. It 
is chiefly imported from Spain, and is often adulterated with marigold petals. It 
gives up to water and alcohol a yellow amorphous substance, termed polychroite, 
a glucoside, which, when boiled with dilute sulphuric acid, yields glu- 
cose, crocin, OigHijOj, and a volatile oil, smelling of saffron. Annalto, or 

arnotto, is another yellow colouring matter, which forms the pulp round the seeds 
of Bixa Orellana, a West Indian shrub. It is used for colouring butter and cheese. 
The colouring principle has been called bixin; it is sparingly soluble in water, but 
dissolves in alcohol and in alkalies ; acids reprecipitate it without much change 
of colour. 

Turmeric is the root of an East Indian plant, the Curcuma longa, and is used in 
curry. It contains a crystalline yellow body, curcumin, which may be 

extracted by boiling with benzene. It is insoluble in water, but dissolves in 
alcohol with a green fluorescence. Alkalies dissolve it, forming red salts, from 
which acids precipitate it of a yellow colour. Paper dyed with turmeric is used 
as a delicate test for alkalies, which turn it brown. When acted on by boric acid 
and strong sulphuric acid, it is converted into rosocyanin, which crystallises in 
green needles dissolved by alcohol, with a red colour, which is changed to deep 
blue by alkalies. Turmeric-paper is used in testing for boric acid (p. 129). 

Weld is the Reseda luteola, a plant of the Mignonette order, the leaves of which 
give a yellow solution when boiled with water. The hot decoction, mixed with 
alum and chalk, gives a yellow precipitate, which is used in paper-staining. It 
contains a crystalline yellow body, luteolin, C._,pH,408, sparingly soluble in water, 
but dissolved by alcohol and by alkalies. It sublimes in yellow needles. _ 

Fustic is a yellow dyestuff, of which there are two kinds. Old fustic is the 
wood of a tree of the Mulberry order {Ilorrn, or Madura tinctoria), grown in the 
West Indies. Young fustic is the wood of Rhus cotinus, or Venice sumach, from 
Italy and the South of France. When old fustic is boiled with water, the solution 
deposits yellow needles of morin, CijHgOg, soluble in alcohol. The mother-liquor 
of morin, when evaporated, yields madurin, a nearly colourless body. When 
fused with potash, morin yields phloroglucol, and madurin yields, in addition, 
protocatechuic acid. Madurin is identical with moritannic acid ; it gives a dark 
green precipitate with ferric chloride. 

Gamboge is a yellow gum-resin, originally obtained from Camboja in Asia, and 
is exuded by certain species of Guttiferse. It contains about 30 per cent, of a 
yellow gum, soluble in water, and 70 per cent, of resin soluble in alochol and 
alkalies, called gambodic acid. 

Purree (purl), or Indian yellow, imported from India and China, and said to be 
the dried excrement of buffaloes fed on mango leaves, is a compound of magnesia 
with euxantlan (or euxantliic acid), C|gH,gO,o. By extracting it with hydrochloric 
acid and alcohol, the euxanthin is obtained in yellow prisms, sparingly soluble in 
water, soluble in alcohol, ether, and alkalies. When heated, it yields a yellow 
crystalline sublimate of euxanthone, GuHgO^. On fusion with potash, euxanthone 
yields hydroquinone, and nitric acid converts it into trinitroresoroin, which 
oppose the idea that purree is of animal origin. 

550. Safflower, which yields rouge, consists of the dried flowers of Carthamus 
tinctorius, cultivated in Egypt. It contains a yellow substance, which may be 
extracted by -water, and a red colour, cartliamin, C„H,gO„ which may be dissolved 
out by sodium carbonate, and precipitated by acetic acid. Alcohol dissolves it 
to a red solution. It is used in dyeing, but soon fades when exposed to light. 

Carotin, G,gH„, 0 , is a red substance, found in small crystals in the cells of the 
carrot. It crystallises from alcohol in cubes of agreeable odour. 

Santalin, GijH^Oj, is the colouring matter of red sanderswood {Pterocarpus santa- 
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linus), from which it may be extracted by alcohol, which deposits it in red erystals 
insoluble in water, but giving violet solutions with alkalies. _ 

Eamatoxylin, 0,„H„0,.3H„0, is extracted from logwood (Hmmatoxylon campecht- 
'a 7 ium)f which grows at Gampeachy in the Bay of Honduras, by boiling the cbips 
with water It is deposited from the solution in yellow needles, which are soluble 
in watOr, alcohol and ether. It resembles the phenols by dissolving in alkalies to 
a purple solution, which absorbs oxygen and forms a red colouring matter limma- 
tein, CjeHijOg, sparingly soluble in cold water, which _may_ also be obtained by 
oxidising hmmatoxylin, in ethereal solution, with nitric acid. Reducing agents, 
such as sulphurous acid, convert it into hfematoxylin. When fused with potash, 
hmmatoxylin yields pyrogallol. 

Potassium chromate gives an intense black colour with infusion of logwood, 
which has been used as an ink, but is fugitive. Logwood boiled with distilled 
water gives a yellow solution, but with common water it gives a fine purple red, 
from the production of hsematein by the oxidation of the hmmatoxylin in presence 
of the calcium carbonate in the water. The solution of logwood is sometimes 
used as an indicator in alkalimetry. ■ . _ _ 

Brazilin, C.jHjjOj, is contained in Brazilwood brasiliensis) ; peach- 

wood ((7. ecliinata), and Sappan wood (O. sappan ) — all dyewoods from the same 
^ botanical sub-order as logwood. Brazilin, when quite pure, forms colourless 
' crystals, and yields colourless solutions in air-free water and alcohol ; but it soon 
becomes yellow by oxidation, and dissolves in alkalies with a fine red colour, 
which is bleached by reducing agents. 

, The colouring matters from T/mcZcZer and litmus have been already 
noticed. 

551. Indigoiin, ov indigo blue, OjgHjgN^Oj, is prepared from Indigo- 
fera tinctoria and ccerulea, plants belonging to the same natural order 
(Beguminosce) as those furnishing the dye-woods mentioned above, and, 
like the colours obtained from those, it does not exist as such in the 
plant, but is a product of alteration of a nearly colourless body termed 
indican. The plant Woad {Isatis tinctoHa — a crucifer) also yields indigo. 

Indican, is extracted from the leaves and twigs of the 

plant by digestion with cold alcohol, which leaves it, when evaporated, 
as a brown syrupy liquid of bitter taste. Indican is a glucoside, and 
is hydrolysed by fermentation or by boiling with dilute acids, yielding 
indiglucin and indiqotin — 

Inaiglucm has not been crystallised ; it is a sweetish syrupy liquid which 
reduces alkaline copper solution, but does not ferment. The indigotin is obtained 
as a blue precipitate. For the preparation of indigo on the large scale, the plants 
are cut iust before they blossom, chopped up, covered with cold water, and 
allowed to ferment for twelve or fifteen hours, when the indican is decomposed, 
and the indigotin, under the reducing influence of the fermentation, is converted 
into hydrindigotin, or indigo-white, CjAi-NoO,. As soon as a blue scum appears 
upon the surface, a lictle lime is added, and the yellow liquid is run into shallow 
vats and well beaten with sticks to promote the action of air, which oxidises the 
mdigo-white to indigo-blue ; C,5H,A02-l-0=C,„H,„N20„-i-H20. The indigo-blue 
IS precipitatea and collected, on calico strainers, to be pressed and cut up into 
cakes. As purchased, indigo-blue contains about half its weight of indigotin ; it 
may bo purified by boiling, first, with acetic acid, which extracts a substance 
termed tndigo gluten, then with weak potash, to extract indigo-brown, and, lastly, 
for sorne time with alcohol, which removes indigo-red. 

Indigotin may also be prepared from ■ commercial indigo by boiling it 
wdtn aniline, which deposits the indigotin in crystals on cooling. 

^ When commercial indigo is carefully heated, it is converted into a 
violet vapom', the sp. gr. of which settles the molecular formula for the 
compound. The vapour condenses in dark blue needles, with a coppery 
reflection. ^ The best indigo-blue floats upon water. 

Indigotin is insoluble in watei', alcohol, ether, and diluted acids and 
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alkalies. Strong sulphuric acid and, more easily, fuming sulphuric acid, 
dissolve it, forming indigoiin-monosulphonic acid, Oj(.Hj(SOj'OH)h 5 'jOj, 
and indAgotin-disidphonic or sulphindylic acid, ' OjgHg(SOj'OH)2NjOj. 
On adding water, a blue precipitate of the mono-acid is obtained, winch 
is soluble in pure water and in alcohol. It is mono-basic, and its con- 
centrated solution gives a' purple precipitate of the potassium-salt on 
addition of potassium acetate. The precipitate produced by KjCOj in 
the solution of indigo in sulphuric acid is known as indigo-carmine, and 
consists chiefly of potassium sulpJdndylate, 0jgBrg(S02‘ 0El)2Nj02 ; it is 
soluble in water. The sulphonic acids of indigo are bleached by zinc- 
dust, being converted into the corresponding acids of indigo-white, 
which become blue again when shaken with air. Sulphindylic or 
sulphindigotic acid is used in dyeing Saxony blue cloth. 

Indigo-white {leucindigo) is prepared by shaking powdered indigo 
with 2 parts of ferrous sulphate, 3 parts of slaked lime, and 200 parts 
of water, in a stoppered bottle placed in warm water, till the indigo 
has dissolved to a yellow liquid, when the calcium sulphate and ferroso- 
ferric hydroxide are allowed to subside, and the clear solution drawn ofi" 
into dilute hydrochloric acid in a vessel from which air has been 
expelled by OOj. The hydrindigotin is precipitated in white flakes, 
which quickly become blue indigo when exposed to air. Other reducing 
agents are sometimes substituted for ferrous sulphate in preparing the 
indigo-vat. A mixture of indigo, madder, potassium carbonate, and 
lime, left to ferment, gives an alkaline solution of reduced indigo. 
Sodium hyposulphite (p. 232) and lime are also employed for this 
purpose. When linen and cotton are immersed in the indigo-vat and 
exposed to air, the indigo-white is oxidised to indigo-blue, which is 
precipitated upon the fabric. Hydrindigotin precipitated by acids from 
its alkaline solutions becomes crystalline after a time ; it is soluble in 
alcohol and ether. 

When indigo is heated with dilute nitric acid, it is oxidised into 
isatin, which gives a yellow solution, and sulphindylic acid is sometimes 
employed as a test for nitric acid. By fusion with potash, it is converted, 
first into potassium anthranilate, OgH^lNHjlOOjK, and afterwards into 
aniline, OgHj‘NH„, which distils over. This indicates a near relationship 
of indigo to the benzene or aromatic group. 

The constitution of indigotin is probably to be represented by the 

formula OgH,<™>C : 

552. Artificial indigo. — Indigo has been synthesised by several 
methods; the most important of these is that which prepares the 
colouring matter from aniline, and therefore from coal-tar. Anihne is 
heated with monochloracetic acid to produce phenylglycocine (p. 645) ; 
CgHg-NH, -f OH^Ol-CO^H = CH,(CgHgNH)-003H -F HOI. This is 
heated with a caustic alkali, the mass is dissolved in water, and 
oxidised by a current of air, when indigotin is precipitated. The exact 
chemistry of the change is not known. 

The fusion with caustic alkali probably converts the phenylglycocine into 

pseudofindoxyl ; 2CH„(CgHjNH):C02H=CgH^<;^NH^Qjj^_j_2H„0, and this is 
then oxidised to indigotin — 
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Another method of synthesising indigo consists in dissolving i : z-nitro- 
lenzaldehyde in acetone and adding caustic soda, whereupon indigotin is 
precipitated. It is probable that the first action of the acetone and soda 
is to convert the r : a-nitrobenzaldehyde into i : 2-nitrophenyllactomethyl ketone; 
C„H/NO„) • OHO + CH3 • 00 • CH3 = CgH.CNO,) • OH(OH) • 0 H„ • CO • CH^. pis then 
breaks up into indigotin, acetic acid and water under further action of NaOH ; 
2[C,H,(N0„) -CHCOH) • 0 H„-C 0 •0H3]=C,3H,„NA+2CH3-C03H + 2H„0 It is pro- 
posed to'convert the ketone into its NaHSOj compound (p. 604), and to dye the 
fabric by first immersing it in a bath of this salt and then in one of caustic soda. 

When cinnamic acid is treated with nitric acid, it is converted into nitro- 
cinnamic acid, GjH^CNOj) • CH ; CH -'COoH. This combines directly, with two atoms of 
bromine, to form dibromo-nitro-jahenyl-propionic acid, C5H4(N 0 „) • CHBr • C HBr • CO2H. 
When this is treated with caustic soda, two molecules of HBr are removed, pro- 
ducing the sodium salt of nitropJienylpropiolic acid, C3H4(N02)'0 • C'OOjH. By 
heating this with a reducing agent, such as an alkaline solution of glucose, the 
latter is made to appropriate the oxygen of two molecules of water, the hydrogen 
of which acts upon the acid, converting it into indigotin, 2{03H5N04)-f 2H2= 
C,3H,„N202 -t 2 H 2 O -b 2 CO 2 . 

553. Isatin, CgH4<^^^C(0H), is prepared by oxidising indigo with nitric 


or chromic acid. It crystallises in orange-coloured prisms, soluble in boiling 
water and alcohol. When heated, it sublimes with partial decomposition. It 
dissolves in potash to a violet solution, and is precipitated again by acids. 
Silver nitrate added to the potash solution gives a carmine-red crystalline pre- 
cipitate of silver isatin, CgH4AgN02. Isatin forms crystalline compounds with 
alkali bisulphites (like the aldehydes and ketones). It yields aniline when 
distilled with strong potash ; nitric acid converts it into nitrosalicylic and picric 
acids. With chlorine it yields chlorisatin, CgH^ClNOj, and dicMorisatin, 
CgHjCljNOj, which are also formed when chlorine acts upon" indigo. When these 
are distilled with potash, they yield mono- and di-chloraniline. Reducing agents 
convert isatin into hydro-isatin, or isatyde, CigHjoNjOj. 

Indole, 03H4<^^q^» 0H, is formed when indigo is distilled with zinc-dust, 


or when nitro-cinnamio acid, 0gH3N02‘C02H, is reduced by zinc and KOH. It 
crystallises in colourless fusible prisms (m. p. 52° C.) of disagreeable odour. It 
boils at about 254° 0., with partial decomposition, but it may be distilled in a 
vacuum or with steam. It is soluble in water and has weak basic properties 
forming a sparingly . soluble hydrochloride. A shaving of deal moistened with 
hydrochloric acid and exposed to its vapour assumes a deep red colour. The 
hydrochloric solution is coloured red by potassium nitrite. Indole is produced 
by the action of the peculiar ferment of the pancreatic juice upon the albumin of 
blood or eggs, and the indican occasionally present in the urine {v.i.) appears to 
be formed from it. 


Skatole, or TnetJiylindole, homologous with indole, is also 

a product of the pancreatic fermentation of albumin. It is the chief constituent 
of the volatile portion of human excrements, whence its name {a-Karbs, of dung). 
It may be crystallised from hot water in colourless plates, which fuse at 95°, and 
have a fsecal odour. Skatole is found among the products of the distillation of 
strychnine with lime, and in the wood of Celtis reticidosa, a plant of the Nettle- 
tree order. 

Isatic, or isatinic acid, C8H,N03, is i 2 -amido-pJienylglyoxylic acid — 

C 3 H 4 (NH 2 )-C 0 -C 03 H, 

Md is obtained as a potassium-salt when a potash solution of isatin is boiled till 
it becomes yellow ; HCl then separates isatic acid as a white powder, which yields 
isatin and water when heated. 

Dioxindole, is a crystalline body formed by reducing 

isatin with zinc-dust and HCl, or by acting upon sodium isatinate with sodium- 
amalgam. It becomes red in air from production of isatin. When heated it 
yimds .milme. Gently heated with nitric acid, it yields bitter-almond oil 

CcHs'CHO. ’ 
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Oxindole, '\0H obtained byreducing di-oxindole with tinand 

hydrochloric acid. It is colourless, crystalline, soluble in water, alcohol, and 
ether, and, with care, may be sublimed unchanged. 

Indoxyl, 0„H4 isomeric with oxindole, is one of the pro- 

ducts of fusing indigo with potash ; it occurs in the form of potassium indoxyl- 
sidplionate, CgHgNCOSOnOK), in the urine (urine-indican) of carnivora.' 

554. JOac is a red dye extracted from the resinous exudation of certain tropical 
trees of the Dig tribe, punctured by an insect ( Coccus). In its crude, natural 
state, encrusting the small branches, it is known as stick-lac, and has a deep red 
•colour ; when broken off the branches and boiled with water containing sodium 
carbonate, it gives a red solution, from which the colouring matter is precipitated 
as a lake by adding alum, and made into cubical cakes for the market. The 
resinous matter (about 68 per cent.) left undissolved by sodium carbonate, is 
termed seed-lac; this is melted, strained through a cloth, and allowed to solidify 
,in thin layers, when it forms shell-lac, which is much used in the manufacture of 
sealing-wax and varnishes. The lacquer applied to brass is named after this resin, 
being an alcoholic solution of shell-lac, sandarach, and Venice turpentine. 
Indian ink is made by mixing lamp-black with a solution of 100 grains of lac in 
20 grains of borax and 4 ounces of water. 

Carmine owes its colour to carminic acid, H„C„H„,0,„, a glucoside extracted by 
boiling water from cochineal insect, which is found upon a species of cactus in 
Mexico and Peru. Carmine-lake is the aluminium carminate precipitated by alum 
and potassium carbonate from the aqueous extract of the cochineal insect. The 
acid itself is an amorphous purple solid, easily soluble in water and alcohol, and 
sparingly in ether. It dissolves unchanged in strong sulphuric acid, and the 
solution is used in thermometers, as a coloured liquid not evolving vapour. The 
solution of cochineal is very sensitive to alkalies, which change it to purple, and 
it is used in measuring the alkalinity of waters. Boiled with dilute sulphuric 
acid, it yields carmine-red, and a non-fermentable sugar. 

XV. ALBUMINOID COMPOUNDS. 

555. Under this head are classed several nitrogenous products of 
animal and vegetable life, which are not crystalline or volatile. They 
resemble each other very closely in composition, containing from 50 to 
55 percent, carbon, 21 to 25.5 oxygen, 15 to 18 nitrogen, 6.7 to 7.3 
hydrogen, and 0.4 to i. 7 sulphur. If the sulphim be regarded as essential 
to the formula, the mean of these numbers would give, approximately, 
the formula OjgjHjjgNgjO^^S, whilst the atomic ratio between the four 
other elements is nearly OgjHjgNjQOjj, giving a much higher proportion 
of nitrogen to carbon than is usual in organic substances. Concerning 
"the constitution of these compounds very little is known. They are 
generally Isevo-rotatory. 

It has become customary among physiologists to distinguish between protefds* 
and albuminoids. The former term is applied to such compounds as resemble 
albumin, or white of egg, in properties, whilst the albuminoids are typified by 
gelatine. The two classes of compounds differ mainly in the fact that the 
majority of the proteids are coagulated by heat. In what follows, only a few 
of the more important proteids and albuminoids will be described, since it is not - 
possible in a general text-book to enter into details of the modern classification 
of these compounds. 

Alhumin or white of egg, Cy^HjjjNjgOggS, may be extracted from its 
aqueous solution contained in the egg, by stirring it brisldy to break up 
the membrane, adding a little acetic acid to neutralise the soda present 
in the white, filtering, placing for twelve hours on a dialyser (p. 122) to 
separate the sodium chloride and acetate, evaporating the contents of the 

• A name originally given to compounds supposed to be derived from a primary source, 
protein (irpureiov, pre-eminence). 
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dialyser, below 50° 0., powdering tbe residue, and treating with ether to 
extract fatty matters. The albumin so prepared is an amorphous solid, 
of sp. gr. When heated, it swells up, carbonises, _ and evolves 

offensive alkaline vapours', usually leaving a slightly alkaline ash, con- 
taining a trace of calcium phosphate, which is very difficult to separate 
completely from the albuminoids. 

In cold water, albumin slowly softens and dissolves, like gum ; if this 
solution be heated to about 70° 0. (158° F.), the albumin is converted into 
an insoluble form, becoming a white, soft solid, as in boiled eggs, if the 
albumin amounts to 12 per cent., and a flocculent precipitate if the solu- 
tion be diluted. The coagulated albumin is not easily dissolved by acids 
or alkalies, and is believed to be the anhydride of soluble albumin, for 
if it be heated with water in a sealed tube to above 150 0. (302° F.), 
it is dissolved to a reddish liquid, which behaves like a solution of ordi- 
nary albumin, but is not coagulated by heat. Raw white of egg is in- 
odorous, and does not blacken stiver ; but after boiling it smells of H^S, 
and blackens silver, showing that it suffers some decomposition during 
coagulation. When dried, the coagulated albumin forms a translucent 
brittle mass, which becomes white and opaque in water. The soluble 
form of albumin, completely dried below 50° 0., may afterwards be 
heated to 100° 0., without becoming insoluble. 

Alcohol precipitates albumin from its solution, and the soluble is 
converted into the insoluble form by digestion with strong alcohol. It 
is also precipitated by shaking with ether or turpentine. 

In many reactions albumin resembles the amido-compounds, as in playing the 
part of a weak acid and a weak base. Strong potash added to a solution of 
albumin precipitates a gelatinous compound of potash and albumin, which is 
soluble in boiling water, and gives, with metallic salts, precipitates containing 
albumin and metallic oxides. Acids coagulate the solution of potash-albumin. 

The mineral acids, except ortho- and pyro-phosphoric acids, precipitate a solu- 
tion of albumin, the precipitate being a compound of the acid with albumin, 
but the organic acids, except picric, do not, as a rule, precipitate it. Many of the 
compounds of albumin and acids have been proved to have a definite composition. 
Nitric acid has long been employed as a test for albumin (in urine, for example), 
since it forms a precipitate even in a very weak solution, but if the liquid be 
mixed with a very minute quantity of the acid, the flocculent precipitate formed 
at first disappears on shaldng, and the clear acid liquid is not precipitated by 
boiling. The same thing is observed with sulphuric and hydrochloric acids. 
Yery weak nitric acid, in the course of a few weeks, converts albumin into a 
yellow mass, which may be washed with cold water, and afterwards dissolves in 
hot water, and gelatinises on cooling. When nitric acid is added to the solution 
of potash-albumin, it produces a precipitate, which dissolves in the slightest 
excess of the acid, reappears on adding more acid, dissolves on boiling, and 
gelatinises on cooling. 

To obtain definite compounds of albumin with the acids, beaten white of egg 
is placed in a hoop-dialyser floated upon the surface of the very diluted acid for 
about 24 hours, when the acid passes through the dialyser and combines with the 
albumin.^ The nitrate forms a semi-transparent jelly which dissolves in boiling 
water, yielding an acid solution which gelatinises on cooling. The hydrochloride 
forms a yery transparent, nearly colourless jelly, soluble in hot water ; the 
solution gives no precipitate with silver nitrate until the albumin has been 
precipitated by nitric acid. The sulphate does not gelatinise until a day or two 
after its rctnoyal from the dialyser. The orthophosphate and metaphosphate 
do not gelatinise until they are heated. Albumin oxalate, tartrate, acetate and 
citrate, have been prepared. _ In most cases, the percentages of the acids in the 
above compounds bear very simple molecular ratios to each other. 


•* stated that by adding si saturated solution of ammonium sulphate to albu- 
min, filtering and evaporating the filtrate, crystals of albumin may be obtained. ° 
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The reagents commonly employed for precipitating albumin are nitric acid, 
mercuric chloride, potassium ferrocyanide, and picric acid. Of these, nitric and 
picric acids precipitate all the above compounds of albumin with the acids ; 
potassium ferrocyajUide precipitates all except the metaphosphate, citrate, and 
oxalate ; mercuric chloride only precipitates the hydrochloride and the meta- 
phosphate.* Two molecules of albumin are completely precipitated by one 
molecule of potassium ferrocyanide, the precipitate being albumin combined 
with H^FeCy^. 

Strong hydrochloric acid gives with albumin a precipitate which dissolves ih 
excess, and gives a purplish solution when boiled in contact with air. Strong 
nitric acid colours coagulated albumin yellow ; alkalies dissolve the yellow mass to 
an orange liquid, from which acids precipitate yellow flakes {xantlio-proteic acid). 
Albumin also gives a fine red colour with mercuric nitrate containing nitrous 
acid (Millon's test ; prepared by dissolving mercury in twice its weight of nitric 
acid, in the cold, and adding twice its bulk of water). By careful treatment with 
pure nitric acid, albumin is converted into tri-nitro-alhumin, C,2H,„,(NO,.)3N„SO^ 
a yellow insoluble body. Strong sulphuric acid dissolves albumin, in the cold, to 
a brownish liquid, which carbonises when heated, ammonium sulphate being pro- 
duced. A particle of sugar added to the solution in cold sulphuric acid gives a 
violet colour. The compound formed by the action of strong sulphuric acid on 
albumin has been obtained as a white powder of the composition 

C,„H,„(S 03 H)N, 3 S 033 , 

and is called aVmmino-sidphonic acid; it is insoluble in dilute acids, but soluble in 
alkalies. A mixture of strong sulphuric and nitric acids converts albumin into 
hexanitro-alhimino-sulplionic acid, C,2H,„j(N02)3(S03H)N,bS 02,, a bitter yellow pow- 
der, insoluble in water, alcohol, and dilute acids, soluble in alkalies to a red solu- 
tion, Ammonium sulphide converts this into the corresponding amido-compound, 
C,2 Hjo5(NHj)3(S03H)N,bS 02,, which has weak acid properties. When boiled with 
moderately dilute sulphuric acid, albumin yields leucine and tyrosine (p. 657). 
With solution of potash, on boiling, it also gives leucine and tjurosine, evolves one- 
third of its nitrogen as ammonia, and its sulphur is converted into potassium 
sulphide, which gives a black precipitate on adding a salt of lead. When heated 
with baryta-water to 150° C., it evolves part of its nitrogen as ammonia, and 
barium carbonate is formed in the same ratio to the ammonia as when urea is 
heated with baryta; this has led to the conclusion that albumin contains one-fifth 
of its nitrogen in a form nearly allied to urea, and that it is probably a complex 
ureide (p. 652). When oxidised by potassium permanganate, it yields benzoic 
acid. Boiled with a mixture of potassium permanganate and potash, it evolves 
the whole of its nitrogen as ammonia, whilst with potash alone it only gives off 
one-third of its nitrogen. 

When albumin is heated with bromine and water in a sealed tube, it yields 
bromoform, leucine, aspartic acid, bromacetic acid, oxalic acid, and a little 
bromanil, CO2 being evolved. 

The putrefaction of the albuminoids gives rise to the ptomaines or toxines; 
p. 642. Such poisonous products are also formed by the bacilli of diseases like 
diphtheria, and it is upon the introduction into the system of antidotes 
(antitoxines), derived from animals that have been able to survive the poisons, 
that the principle of inoculation depends. 

556. The gastric juice dissolves coagulated albumin digested with it 
at about 37° 0., and the solution is not precipitated by potassium ferro- 
cyanide nor coagulated by heating. In this condition it is said to have 
been peptonised, or converted into peptone {irinra, to digest). The con- 
stituent of the gastric juice which effects this change is termed pepsin, 
and may be precipitated from the juice by alcohol. It resembles albu- 
min in composition, but is much less putrescible. When dissolved in 
dilute hydrochloric acid it yields a mixture which peptonises most 
albuminoids if digested at about 40° O. The pepsin prepared from 
the stomach of the pig and other animals is sometimes administered 
medicinally to assist digestion. 

* See a Paper by G, Stillingfleet Johneoa, “ Chem. Soc, Journ.” 1874, xxvii. 734. 
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Serum albumin forms nearly S per cent, of the sem_m_ of blood, is found ^ 
other liouid secretions. It mav be prepared by pnJcipitating the diluted serim 
rrith lead acetate, suspending the cashed 

it vdth C 0 » ; the filtered liquid is then evaporated below 50 C. It appears to 
contain less sulphur than ovalbumin (egg albumin) m the ratio of 1.2 . 
^thermore ^een (2^1 : 22.4). In properties it very_ closely resembles oval- 
bumin, but it isnot coagulated by ether, and f 

hvdrochloric acids, which are more easily dissolved by excess than are those of 
e^g albumin. It is more powerfully Imvo-rotatory than egg albumin. _ 
Vegetable albumin is the substance which isprecipitated by heat from the juices 
of -Dlants and from their infusions in cold water. It has not been obtained 
pure in the soluble condition. It appears to contain less sulphur even than serum 

albumin contains. , , , 

' Globulin, or serum globulin, is very similar in character and composition to 
albumin, but it is insoluble in pure water; it dissolves in a very weak solution of 
salt, and in very weak acids and alkalies. It dissolves in water saturated with 
oxygen, and is precipitated by carbon dioxide. This gas precipitates it in a 
granular form from the serum of blood ; saturation of the serum with salt also 
precipitates it. Crystallin is found in the aqueous humour and crystalline lens of 
6y6. 

Muosia (lies, a nmsele) separates from muscle ^l^ma (the liquid contained in 
living muscle), after death, producing rigor mortis. It may be prepared from 
chopped flesh by triturating the flesh to a pulp with common s^t, adding 9 |Mrts 
of water for one of salt, digesting for some time at 24° C., pressing through linen 
and Altering ; the myosin is precipitated on adding much water, or by saturating 
it with salt. 

557. Fibrin is the albuminoid which separates from the blood when 
this has been shed from the animal, causing the coagulation or clotting 
of the blood plasma. It appears to he formed ivom fibrinogen — a soluble 
albuminoid existing in the plasma — ^by a ferment contained in the 
white blood corpuscles. Human blood yields about 0.25 per cent, of 
fibrin, which resembles myosin, hut is not dissolved by solution of salt. 
It may be obtained from freshly drawn blood by whipping it with a 
bunch of twigs, when the fibrin adheres to them in threads which be- 
come nearly white when washed, and may be freed from fat by alcohol 
and ether. If the blood be not stirred when freshly drawn, it forms a 
red clot caused by the coagulation of the fibrin, and the entanglement 
in it of the red blood corpuscles ; if the clot be cut up and washed in a 
cloth, the corpuscles and blood serum may be washed away and the fibrin 
left. If seven measures of blood be drawn into a vessel containing one 
measure of a cold saturated solution of sodium sulphate, the fibrin will 
remain in solution, whilst the blood-globules will be deposited on stand- 
ing. The clear yellow solution containing albumin, globulin, and 
fibrinogen is largely diluted with water, when fibrin is precipitated. 

Fibrin fonns elastic strings which dry into a yellow homy mass. "When fresh, 
it readily absorbs oxygen, and evolves CO.. It is insoluble in water, alcohol, solu- 
tioji of salt, and in cold very dilate HCI (p.i per cent,), but this dissolves it at 
60 C. Solution of nitre at 40° C. also dissolves it. When heated for some time 
becomes insoluble in dilute acids and salts, but dissolves 
in alkalies. Boiled for many hours with water, one-fifth of it may be dissolved, 
yielding solution having some of the properties of gelatine. Heated with water 
at 120 (b for some hours, it is almost entirely dissolved. The solution of fibrin 
in weak HGl is precipitated by neutralisation and by saline solutions. The preci- 
pitate alwavs contains a little calcium phosphate. Fibrin soaked in weak potash 
becomes gelatmous and, if heated to 60° C., dissolves to a solution resembling: 
that of albumm. Fibrin is hardened and rendered non-putrescible when soaked 
in somtion of tannin. Fresh moist fibrin rapidly decomposes hydronen peroride 
evolving oxygen. Moist fibrin soon begins to putrefy when exposed to air and 
becomes fluid in a week ; the products of putrefaction resemble those from 

3 ^ 
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albumin. Sulphuric acid and potassium dichromate act upon fihrin as upon 
albumin, but larger quantities of butyric acid andbutyral are obtained. 

Fibrinogen is precipitable from blood plasma by a solution of salt which is 
semi-saturated, and can in this way he separated from the serum globulin. 

Fibrin from blood contains more nitrogen than the albumin of serum 
(17.4 : 15.6) and a little less oxygen (21.8 : 23.1). It does not appear that blood- 
fibrin and flesh-fibrin are identical. 

558. Casein is the chief constituent of the curd of milk, and differs 
from the other albuminoids in not coagulating spontaneously or on 
ieating. It exists in milk as a soluble compound with a little potash 
or soda, and is separated as curd when the alkali is neutralised either 
by adding an acid or by the formation of acid (lactic) by the decom- 
position of milk-sugar caused by spontaneous fermentation. It is pre- 
pared by precipitating diluted milk with acetic acid and washing the 
precipitate with water, alcohol, and ether in succession, to remove 
soluble matters and fat ; it is further purified by dissolving in weak 
soda and precipitating it by acetic acid. Coagulated casein is charac- 
terised bythe facility with which it is dissolved by weak alkaline solu- 
tions, yielding a liquid upon the sm-face of which, when boiled, an 
insoluble pellicle forms, like that produced on the surface of boiled milk. 
-Coagulated casein may also be dissolved by acetic or oxalic acid, but 
sulphuric or hydrochloric acid reprecipitates it, these acids forming 
compounds with casein which are insoluble in the acids, but soluble in 
water. If skimmed milk be carefully evaporated to dryness, and the 
fat extracted from the residue by ether, the casein is left in the soluble 
form mixed with milk-sugar, and may be dissolved in water or in dilute 
alcohol. 

A distinctive property of casein is its coagulation by rennet, the 
mucous membrane of the stomach of the calf, a small quantity of which, 
or of its solution in brine,* coagulates the casein in a large quantity of 
milk ; the coagulation does not appear to depend upon the formation of 
lactic acid, but upon a specific action of the rennet; the curd thus 
produced contains calcium and magnesium phosphates, and is not easily 
soluble in sodium carbonate. The casem of milk is more readily 
coagulated by acids and by rennet when the milk is warmed ; hence milk 
which has undergone very slight fermentation is curdled when heated, 
but if fresh milk be heated to boiling, the decomposition will be prevented. 
The" casein of milk is precipitated by some neutral salts, such as sodium 
chloride or magnesium sulphate, and even by an excess of sodium 
carbonate. 

At the present time, the condition in which casein exists in milk and the 
cause of its coagulation by rennet are subjects of much discussion. Some 
chemists claim that the milk contains caseinogen^ which is precipitated by acids, 
and differs from casein into which it is converted by rennet. According to 
Hammarsten, caseinogen is only coagulated by i-ennet when it contains earthy 
phosphates, which combine with the casein produced and precipitate it. 

The general chemical behaviour of casein resembles that of albumin. It con- 
tains a little less sulphur than albumin and fibrin contain. 

Casein combines with slaked lime to form a hard insoluble mass, so that a mix- 
ture of cheese with lime is sometimes used as a cement for earthenware. The 
curd of milk, washed and dried, is used by calico-printers, under the name of 
lactarine. for fixing colours. If it be dissolved in weak ammonia, mixed with one 
•of the aniline dyes, printed on calico, and steamed, the colour is left as an in- 
soluble compound with the casein. 

* The active principle (lab or chymosin) of the reunet may be obtained from rennet 
extract by satm-ating it with salt, when the lab will rise to the surface. 
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Legv/niin^ or vege.table casein, is found in peas, beans, and most legu- 
minous seeds. If dried peas be crushed and digested for some time in 
warm water, a turbid liquid is obtained, holding starch in suspension j 
this is allowed to settle, the supernatant liquid precipitated by acetic 
acid, and the legumin purified from fat by washing with alcohol and 
ether. It closely resembles casein, its solution forming a pellicle when 
heated, and being coagulated by rennet. In composition it difiers some- 
what from casein, containing about i per cent, more nitrogen, and 
only about half as much sulphur. ^ When boiled with dilute sulphuric 
acid, legumin yields much less leucine than albumin and fibrin furnish, 
and very little tyrosine ; but it gives more aspartic acid and gluta/mic 
acid, 03H5(]srH2)(C05H;)„ homologous with aspartic acid. 

GluUn is the tough, sticky substance which is left when flour is made 
into dough, tied up in muslin, and kneaded in water as long as any 
starch passes through. It speedily putrefies when exposed to the air, 
and dries up to a brittle, horny mass at ioo° 0. 

When fresh gluten is boiled with dilute alcohol, a portion is left un- 
dissolved, and has been named vegetable Jibrin, as it forrns a tough 
elastic mass. It dissolves in very dilute HCl and in dilute alkalies, 
and is precipitated by acetic acid and by salts. When the alcoholic 
solution cools, it deposits white flakes of mucedin, and on adding water 
to the filtrate, glutin, or gliadin, is precipitated. These substances 
resemble legumin in composition, but contain twice as much sulphur. 

It has been asserted that gluten does not exist as such in flour, but is produced 
from the proteids in the flour by the action of water, which may enable a ferment 
to effect the conversion. 

559. Gelatine . — This substance is so called from gelu, ice, because its 
solution in hot water becomes a transparent jelly on cooling. It con- 
tains 50 per cent, carbon, 25.7 oxygen, 17.7 nitrogen, and 6.6 hydrogen, 
numbers which approximate to but its molecular formula 

has not been determined, because it cannot be converted into vapour, 
and does not form well-defined compounds rvith other bodies. It may 
be obtained by digesting bones in cold dilute hydrochloric acid, till the 
calcium phosphate and other salts are dissolved, leaving a residue of the 
• same form as the bone, but of a soft, flexible character. This is termed 
osseiw, and has the same composition as gelatine, into which it is con- 
verted by long boiling with water, especially under pressure, a solution 
being obtained which becomes a jelly on cooling, and leaves a brittle, 
transparent mass {glue) when dried. Gelatine does not fuse when heated, 
but swells up and decomposes, yielding very offensive alkaline vapours, 
containing ammonia and compound ammonias (methylamine, &c.), 
pyrrol, and its derivatives, toluene, naphthalene, ammonium cyanide, 
water, &c. Lippel’s oil, obtained’ by distilling bones, contains these 
products, together with others, in the formation of which the fat of the 
bones takes part, such as the cyanides of the fatty acid series (propio- 
nitrile, &c.), pyridine bases, phenol, and aniline. 

Gelatine softens and swells in cold water, but does not dissolve ; hot 
water dissolves it, and the solution gelatinises on cooling, even when it 
contains only i per cent. Continued boiling of the solution destroys 
the tendency to gelatinise. Gelatine is insoluble in alcohol, which pre- 
cipitates it in white flakes from its aqueous solution. It is also precipi- 
tated by tannin, which combines with it to form an insoluble non- 
putrescible compound. Mercuric chloride also precipitates solution of 
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gelatine. If gelatine solution be mixed with potassium dichromate, the 
jelly formed on cooling becomes insoluble on exposure to light, which 
is turned to account in photography ; the action probably consists in an 
oxidation of the gelatine. Acetic acid dissolves gelatine {liquid, glue ) ; 
alkalies also dissolve it. When boiled with strong alkalies or with di- 
luted sulphuric acid for a long time, it yields leucine and glycocine 
(sugar of gelatine). Heated with sulphuric acid and potassium dichro- 
mate or manganese di-oxide, gelatine yields numerous products of oxida- 
tion, among which are found many of the fatty acids, with their corre- 
sponding aldehydes and cyanides, with benzoic acid, bitter-almond oil, &c. 

Gelatine may also be obtained by the action of water at a high temperature on 
skin, sinews, and connective tissue. Isinglass is a very pure variety of gelatine 
prepared from the air-bladder of fish, especially of the sturgeon. Glue is made 
from the refuse and parings of hides, after being cleansed from hair and blood by 
steeping in lime-water, and exposed to the air for some days to convert the lime 
into carbonate, and prevent the injurious effect of its alkaline character upon the 
gelatine. They are then boiled with water till the solution gelatinises firmly on 
cooling, when it is run off into another vessel, which is kept warm to allow the 
impurities to settle down, after which it is allowed to set in shallow wooden 
coolers. The jelly is cut up into slices and dried upon nets hung up in a free 
current of air. Spring and autumn are usually selected for drying glue, since the 
summer temperature would liquefy it, and frost would, of course, split it and 
render it unfit for the market. Size is made in a similar manner, but finer skins 
are employed, and the drying is omitted, the size being used in the gelatinous 
state. The best size is made from parchment cuttings. Moist gelatine easily 
putrefies, becoming very offensive; for this reason size is often treated with 
sulphurous acid. 

Chondrin (x^vdpos, cartilage) is prepared by the action of water at a high 
temperature on the cartilages of the ribs and joints, and resembles gelatine in 
composition and properties. It contains, however, less niferogen and a small 
quantity of sulphur. 

The aqueous solution of chondrin is precipitated by acetic acid, by alum, and 
by lead acetate, which do not precipitate gelatine. When boiled with dilute 
sulphuric acid, it yields leucine, but no glycocine. Boiled with hydrochloric acid, 
it gives a solution which reduces alkaline copper solution like glucose. 

Sericin, or silk-gelatine, G^Hj-NjOj, is the so-called gum extracted from silk by 
boiling with water; it resembles gelatine, but is precipitated by basic lead acetate, 
and, when boiled with sulphuric acid, yields leucine, tyrosine, and amidoglyceric 
acid (serin), OjH3(OH)(NH„)CO„H. (Cystine, CjHjNO.jS, found in some rare urinary 
calculi, appears to be a sulphur derivative of serin.) 

Keratin forms the chief part of horns, claws, nails, feathers, hair, and wool, 
and remains when these have been treated with all ordinary solvents. It is 
softened by long boiling with water, and is dissolved when heated with water 
under pressure. It swells up and gradually becomes soluble in strong alkalies 
and in acetic acid, especially on boiling. It contains more sulphur than do the 
albuminoids. Fibroin from silk, and spongin from sponge, are similar bodies. 

Mucin is the substance which gives the viscous character to bUe, saliva, and 
some other animal secretions, and to the slime of the snail. To prepare it, snails 
are cut up, triturated with sand to a pulp, boiled with water, filtered while hot, 
and precipitated by excess of acetic acid ; the precipitated mucin is washed with 
weak acetic acid as long as the washings are precipitated by tannic acid, indi- 
cating peptone. Dry mucih is unaffected even by hot water. Moist mucin swells 
up in a remarkable manner in water, but does not dissolve ; a little acid causes it 
to separate in flocks which do not easily dissolve in an excess of acid. Alkalies 
dissolve it, and acids reprecipitate it. Mucin dissolves in a strong solution of 
salt, and is precipitated again by water. Alcohol coagulates mucin into flocks. 
Acid solutions of mucin are not precipitated by potassium ferrocyanide (unlike 
albumin). Boiling dilute acids dissolve mucin, converting it into a substance 
having the properties of glucose and another which resembles albumin. The 
composition of mucin has not been well established ; it contains the same 
elements as albumin,' but much less nitrogen. 
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Nudein is contained in the nuclei of pns-globules, in the blood globules of 
birds and snakes, in yolk of egg, in brain, and in milk. It stands apart from 
other proteids, by containing about 2 per cent, of phosphorus, in actual organic 
combination (and not as calcium phosphate, which so constantly accompames the 
albuminoids). In extracting it, advantage is taken of its insolubihty in the 
digestive fluids. Pus-globules are treated with warm alcohol, which removes 
lecithin, and afterwards with a pepsin solution made from extract of pig s stomach, 
and containing i per cent, of strong HCl. The insoluble residue consists of 

nuclein. , , , , ... 

Pus-globules are obtained by treating the discharge, or the bandages to wnicU 
it adheres, with a mixture of i part of a saturated solution of sodium sulphate 
and 9 parts of water, when the serum remains in solution, and the pus-globules 
sink and may be washed by decantation ; if these be digested with cold dilute 
HCl and afterwards shaken with a mixture of ether and water, the nuclei remain 
as a flne powder at the bottom. _ . ■ 

Nuclein is remarkable for its insolubility in all ordinary solvents, it appears^ to 
have an acid character, and dissolves in sodium carbonate or acetate, the solution 
in the latter giving precipitates with salts of zinc, copper and lead. It is of 
considerable importance in the chemistry of physiology, since it appears to be the 
chief constituent of the cell-nucleus or cytohlast (ki/oj, 1 hold; j 3 \acrr 6 s, a sprout). 

SS 9 K. BRA.1N AND NERVOUS SUBSTANCE. — ^The brain and nerves contain a pecu- 
liar phosphorised fat which has been termed lecithin, and has the empirical formula 
O^jHgjNPOg. It is a glycerine derivative, and its reactions show that it contains 
the group CjH^ (glyceryl), and probably the radicles of palmitic and oleic acids, 
and a phosphorised group, N(CH3)3‘C2Hj(P02)0j, closely related to nenrine, 

N (OHj)^- C2H3- OH (p. 642). A variation in the fatty acid radicles gives rise to leci- 
thins ot different formula, which appear to be constant constituents of the cell- 
material of organised bodies, both animal and vegetable, and hence necessitate a 
constant supply of phosphorus in the food of plants and animals. 

Lecithin may be prepared from the substance of the brain by exhausting it 
with ether, treating the residue with alcohol, and cooling the alcoholic solution 
in ice, when a mixture of lecithin and cerebrin is deposited. On treating this 
with ether, the lecithin is dissolved, and may be purified by evaporating the ether, 
redissolving in alcohol, adding an alcoholic solution of platinic chloride, and 
decomposing the platinum salt, (0^2Hg,NP08HCl)2.Pt01j, with H2S ; on evaporating 
the filtrate, the lecithin is obtained as a fusible crystalline body, insoluble in 
water and sparingly soluble in cold alcohol and ether. It combines both with 
bases and acids. When boiled with acids or with potash or baryta, it yields 
neurine, phosphoglyceric acid, 03H5(0H)2.P02(0H)2, palmitic and oleic acids. 

Cerehrin, obtained from brain as above described, is a white powder which swells 
up like starch when boiled with water. It yields a substance resembling glucose 
when boiled with dilute acids. The formula of cerebrin, or cerehric acid, as it is 
sometimes called, appears to be CjjHgjNOj. It is also found in pus-globules. 

The so-called proiagon appears to be a mixture of lecithin and cerebrin. 

560. Colouring MATTERS of the animal body. — The colouring matter 
contained in the red globules of arterial blood is called oxyhcemoglohin, 
and resembles albumin in composition, except that it contains only 0.4 
per cent, of sulphur and 0.43 per cent, of iron. To extract it from 
blood, the fibrin is separated by whipping (p. 737), and the defibrinated 
blood is mixed with ten volumes of a solution containing 3 per cent, of 
common salt. This prevents the coagulation of the albuminoids, and the 
red globules subside after a day or two 3 the clear liquid is poured off, 
and the^ globules shaken with water and an equal volume of ether, 
which dissolves the envelopes of the globules, and allows the colouring 
matter to pass into the water. The aqueous layer is separated, cooled in 
ice, one-fourth of its volume of alcohol added, and the cooling carried to - 
— 5 0 ., when the oxyhsemoglobin crystalHses out in forms which vary in 
different animals. That obtained from the blood of men, oxen, sheep 
pigs, and rabbits is not easily crystalHsed, the best for this purpose 
being the blood of dogs, guinea-pigs, hedgehogs, and rats. The crystals 
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contain oxygen in a loosely combined form, ■which they evolve -when 
exposed in a vacuum, especially if ■warmed, becoming thus converted into 
hcenioglohin, which again absorbs oxygen on exposure to air ; this change 
is attended with production of a much brighter red colour, and ■with a 
difference in its action on transmitted light, for if white light he allowed 
to pass through the solution of oxyhasmoglobin contained in a test-tube 
placed before the slit of a spectroscope (p. 303), the gi-een portion of the 
spectrum is seen to be crossed by two broad black bands, which are also 
seen when arterial blood is employed, whilst the solution of hfemoglohin 
exhibits only one band in the middle of the green, which is seen when 
venous blood is employed. This difference in the absorjition specti'um is 
best sho^wn by reducing the solution of oxyhsemoglobin with a little 
ferrous sulphate, mixed with tartaric acid and ammonia in excess. The 
oxygen of oxyhsemoglobin is also displaced by passing hydrogen or 
carbon dioxide, hsemoglobin being left, and the colour changing from 
red to purple. 

OxyhEemogoblin, when shaken ■with carbonic oxide gas, parts with its 
oxygen and absorbs an equal volume of cai’bonic oxide, its colour 
changing to purple ; the absorption-spectrum exhibits two dark bands, 
which are situated further from the sodium-line (D) and nearer- to the 
-blue of the spectrum than is the case with haemoglobin. This is turned 
to account in cases of poisoning by cai-bonic oxide gas. The compound 
of haemoglobin and carbonic oxide may be obtained in bluish-red four- 
sided prisms. When solution of oxyhaemoglobin is heated above 70° 0 ., 
it is decomposed into albumin, which coagulates, and another red colour- 
ing matter, termed htematin. 

SoBmatin, Cg^Hj^N^FeOj, is formed when oxyhaemoglobin is decomposed by 
acids. If a solution of that substance, mixed with a little NaCl, is evaporated 
over sulphuric acid to a syrup, mixed ■with 1 5 times its volume of glacial acetic 
acid, and heated on a steam-bath for several hours, it yields, on cooling, flat 
rhombic prisms of hsematin hydrochloride (formerly known as Immin, or blood- 
crt/stals) of a dark, violet-red colour, and metallic lustre, containing single mole- 
cules of hsematin and HCl. The formation of these crystals is employed for the 
identification of blood-stains, the suspected matter being placed on a microscope 
slide, a little sodium chloride added, and glacial acetic acid allowed to run under 
the cover-glass ; on heating till bubbles appear, and cooling, the dark red hasmin 
crystals become visible. 

Colouring matters of bile. — The chief of these is bilirubin, which is 

accompanied by bilifuscin, C,gH2„N„0^, and biliprasin, Cj^Hj^NoOg. These may be 
extracted from gall-stones, in which they exist in combination with calcium. 
The powdered calculi are boiled with alcohol and ether to extract the cholesterin, 
and with dilute HCl to remove the lime. After washing and drying, the residue 
is boiled with chloroform, which extracts bilirubin and bilifuscin ; the chloroform 
is distilled off and the residue boiled with alcohol, which dissolves the latter. 
- The original residue, undissolved by chloroform, contains biliprasin, which may 
be extracted by boiling with alcohol. 

Bilirubin crystallises from chloroform in dark-red prisms, insoluble in water 
and alcohol, but soluble in alkaline liquids, and imparting a yellow colour to a 
very large volume of solution. It appears to have acid properties. Its alkaline 
solutions absorb oxygen and become green, yielding a green precipitate of bili- 
verdin, CjsHigNjOj, on addition of an acid. Bilifuscin and biliprasin are obtained 
as very dark green amorphous bodies, insoluble in water. The alkaline solutions 
of the biliary colouring matters, when treated with nitric acid, yield successive 
tints of green, blue, violet, red, and yellow, which serve to indicate the presence 
of bile in other secretions. 

The colouring matters of urine have received various names, but have not been 
established as definite chemical compounds. 

560a. CEYSTALLINE animal PEODtrCTS NOT HITHEETO DESCEIBED. — QhjCO- 
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cholic add, exists in Me as a sodium salt, together with the sodium salt 

of taxirocllolic acid, O^H^NSO,. To extract them, ox-r/al? is mixed with bone- 
black to a paste, which is dried on the steam- bath pd digested with absolute 
alcohol, which dissolves the sodium salts together with cholesterin and cholin. 
Ether is then added, to precipitate the sodium salts. These are dissolved in 
water, and decomposed by dil. .H„SO„ which precipitates the glycocholic acid, at 
first amorphous, but changing into colourless needles. It is sparingly soluble in 
water, but dissolxes in tbongb. net in ether, Glyeoeholic acid is mono- 

basic ; the alkali salts are very soluble and sweet. It is characterised by its 
behaviour with solution of sugar and strong HoSO^, which give a purple-red 
colour (FettenlMfer's test for hilc). It is an amido-acid, and yields chologhjcolic 
acid, when treated with nitrous acid. When boiled with alkalies, 

alvcocholic acik is hydrolysed into glycocine (amido-acetic acid) and cholic acid; 
SSs“So = CH;(NH,)-CO,H-t-C,H,A- Boiling with dilute hydrochloric 
acid effects tlie same change, but converts the cholic acid into dyslysin, Qn^B-siPs’ 
which forms an amorphous precipitate ; boiling with alcoholic potash converts it 


into potassium cholate- - .... 

Taurocholic acid is not precipitated by normal lead acetate, which precipitates 
the glycocholic acid from ox-gall, and the filtrate gives a precipitate of lead 
taurocholate on adding basic lead acetate. When this is suspended in water and 
decomposed by H^S, a solution of the acid is obtained, which may be concen- 
trated and mixed with ether, when the acid separates as a syrup which deposits 
needle-like crystals. Dog’s bile yields more taurocholic acid than that of the ox. 
Taurocholic acid dissolves readily in water and alcohol. It is decomposed, like 
glycocholic acid, by boiling with alkalies or acids, but it yields taurine, C^HjInSOs, 
instead of glycocine ; + US) — CjH,NSOg + 

Cholesterin, or cholesterol, G„„H,3‘OH, is a crystalline alcohol found in bile, and 
composing the chief part of 'gall-stones or biliary calculi, from which it may be 
extracted by boiling with alcohol, which deposits the cholesterin in transparent 
lustrous plates on coding. It is insoluble in water, but soluble in ether ; fuses at 
145° 0 . and sublimes at 200” G. It is unchanged by boiling with potash, and 
yields ethereal salts when heated with the fatty acids in sealed tubes. HCl con- 
verts it into cholesteryl chloride, G.jgH^^'Gl, and ammonia into cholester amine. 
When dissolved in petroleum and treated with sodium, it evolves 
hydrogen and forms crystalline GjjHjj'ONa. When moistened with strong HNO3 
and dried, cholesterin gives a yellow residue which becomes red with NHg. Strong 
HCl and a little FegCis give a violet-blue colour with cholesterin on evaporation. 
Cholesterin occurs in the blood, in brain, in yolk of egg, in cod-liver oil, and in 
music,* the dried secretion of the musk deer. It is also found in sheep’s wool 
together with isocholesterin, having the same composition, but crystallising in 
needles which melt at 138° C. Cholesterin can absorb over 100 per cent, of water, 
and in this condition is used as an emollient (lanolin). 

Phytosterin, C,j5H„0, is a similar substance found in peas and other seeds, and 
in olive oil. 


XVI. OLOSED'CHAIN COMPOUNDS OONTAIXING N, 0, ok 
^ AS A PART OF THE RING NUOLEXJS, 

561 . A few compounds which are strictly included in this class have 
already received notice ; such are succinic anhydride and the various 
lactones. These are, however, more of the nature of open-chain deriva- 
tives than are those which remain to he dealt with. 

The prototypes of these compounds are furfurane, tliio'phGn, and pyi'O’ol, 
which are believed to possess constitutions expressed by the following 
formulse : — 


oi;SS>0' oh;SS>™ 

Furfurane. Thiophen. Pjrrol. 

They resemble benzene in that they yield derivatives similar to those 
of that of hydrocarbon, and show little disposition to form addition 


CH;CH\„ 


CH : 


• “Artificial musk” is frinUroiertiarybutyliolttene, G6H(OH3)[C(On3)3](E Oo)^. 
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products with the halogens. In fact, the arguments which lead to the 
closed-chain formula for benzene (p. 527) are equally applicable to these 
compounds. 

Two classes of mono-substitution products are known from these compounds — 
the a-derivatives, which contain the substituent attached to a carbon atom 
adjacent to the 0 , S or N, and the / 3 -derivatives, in which a hydrogen atom of one 
of the far carbon atoms has been displaced. A third class is possible in the case 
of pyrrol, for the H of the NH group can be substituted. The possible di- 
derivatives are more numerous than in the case of benzene ; their orientation is 
expressed by numbering the near carbon atoms i and 4, and the far atoms 
2 and 3. 

Furfurane, C^HjO, is found in the first runnings of the distillation of wood-tar. 
It is made artificially by distilling pyromncic acid with lime. Pyromucic acid is 
itself obtained by the destructive distillation of mucic acid (p, 602), thus — 


CHOH-CHOH-COOH 

Ohoh-choh-cooh 


= + 3H0H -1- CO,. 


This indicates the constitution of pyromucic acid, and since this acid yields 
furfurane when distilled with lime it is probably furfurane-carbo.xylic acid (just 
as benzoic acid, which yields benzene on distillation with lime, is benzene- 
carboxylic acid). Thus the constitution of furfurane is settled. 

Furfurane is a colourless liquid, smelling of chloroform, insoluble in water and 
boiling at 32° C. Its aldehyde (furfural) and carboxylic acid (pyromucic acid) 
have been already considered. 

Thiophen, C^H^S, is invariably present in commercial benzene, from which it 
may be separated by agitation with sulphuric acid, the thiophen being sulphon- 
ated >and dissolved before the benzene is appreciably attacked ; the solution of 
the sulphonic acid is distilled in steam, when the thiophen passes over. It-is a _ 
colourless liquid (sp. gr. r.o6 at 23° C.) which smells of benzene, boils at 84° 0., 
and yields a blue colour when mixed with isatin and strong sulphuric acid; 
this reaction — due to the formation of indqpheniji, CjjH,NOS — serves to detect 
thiophen in benzene. 

Thiophen is synthesised, in the form of its carboxylic acid, by heating mucic 


acid with barium sulphide — 

OHOH-CHOH-COOH^„„c! 

Choh-choh-cooh'*'^^* 


CH i OH + 3HOH. 


This reaction indicates the constitution of thiophen. Thiophen is also formed 
when ethyl sulphide is passed through a red-hot tube. 

The homologues of thiophen, thiotolens, C^H3(CH3)S, and thioxylens, 
C4H,(CH3)2S, occur in toluene and xylene respectively. 

Pyrrol, is a feeble secondary base occurring in coal tar and Dippel’s 

oil (g. V. ), from which it may be extracted by HjSO^, and distilled over from the 
sulphates of the stronger bases. It is a liquid of chloroform odour, boiling at 
131° 0 ., and becoming brown when exposed to air. Hot dilute acids convert it 
into pyrrol-red, C,3H,,N,0. Vapour of pyrrol imparts a red colour to pine wood 
dipped in HCl. 

Pyrrol (or its carboxylic acid) is a product of the destructive distillation of 
ammonium rducate, a fact which indicates its constitution (compare furfurane) ; 
it is also formed when acetylene and ammonia are passed through a red hot tube ; 
2C„H, NH3 =: C,H,NH -^ H,. 

562. Pyrazole, qjj^^NH, is related topyrrol as pyridine {v.i.) is to benzene, 


namely, it Contains N in place of OH. It is a feeble base and crystallises in 
needles ; its production is a complex process. 

Antipyrine, a pyrazolone, C„Hj,N.jO, is prepared by heating ethyl aceto-acetate 
(p. 622) with phenyl hydrazine, and further heating the product with methyl 
iodide and methyl alcohol. It crystallises in white plates, melts at 130° C., and 
is very soluble in water. ' It is has a bitter taste and is an excellent febrifuge. 
The action of phenyl hydrazine on ethyl aceto-acetate at 100° 0 ., yioFis plienyl- 
methylpyrazolone — 

■ OH,- CO • OH,- C 0 „C,H 3 H,N •NHC3H3= CO ^ 


When this is heated with 


C(CH3)-N(CH3) 
CH CO 


>N-C3H3. 


CH3I it yields antipyrine or phenyldimethylpyraznlone, 
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■ 56 3. Among the most important members of this class ^ of carbon 
compounds are the substances pyridiiie, quinoline and acridine. 
may be regarded as analogous in constitution to benzene, naphthalene 
and anthracene respectively, containing, in each case, N in place of OH. 
This will be clear from the following formula : — 


H 

HC CH 


H H 


CH 


Pyridine. 


H.C 


H 

Quinoiine. 


H 

HC C' 


H 


-N- 


-C- 

H 


H 

-C CH 


C^ CH 
H 


Acridine. 


They behave towards reagents in a manner which indicates that they 
are closed-chain compounds (cf. structure of benzene, p. 527)) ^ 

study of their substitution products shows that the number of position- 
isomerides which has been prepared is in accord with that prophesied 
on the supposition that the above formulse represent the constitution of 
the parent compounds. 


An inspection of the formulce shows that there should be three isomeric mono- 
suhstituted pyridines, seven isomeric mono-substituted quinolines and five mono- 
substituted acridines. The orientation is expressed similarly to that of the 
corresponding hydrocarbons, the N in pyridine being i and that in quinoline 1'. 

564. Pyridine bases. — The destructive distillation of bones yields 
ammonia and other bases, produced by the decomposition of the bone- 
gelatine, or ossein, which forms about 30 per cent, of the bones, and 
contains about 18 per cent, of nitrogen. These bases form an homo- 
logous series, of which pyridine is the first member ; many of them are 
also found in coal-tar. They are liquids of disagreeable odour, and 
belong to the class of tertiary monamines (p. 638). They may be 
extracted from the ofiensive oil known as DippeVs animal oil, obtained 
by distilling bones, by shaking the oil with warm dilute sulphuric acid, 
which dissolves the bases as sulphates, and yields them up on adding 
potash or soda. They are separated from each other by fractional 
distillation. Their boiling points are given in the Table. 


Pyridine 

Picoline 

Lutidine 

Collidine 


C.H^N 
CeH,N 
C,H,N 
C„H„N. 


IIS' 

130 

142 

179 


C. 


Parvoline 

Coridine 

Rubidine 

Viridine 


c.„h„n 

C„H„N 

C.,H,,N 


, 188“ 
211 
230 
251 


, O j - - ''12 — 19^' ••• 

Pyndine bases are often present in commercial ammonia, and cause it 
to become pink when neutralised with hydrochloric acid. 

. Pyridine is a colourless liquid which is soluble in water ; it forms a deli- 
quescent hydrochloride, CjHsNjHCl, the solution of which is precipitated by 
mercuric chloride and by potassium ferrocyanide. When heated with sodium 
for ^some time pyridine is converted into dipyridine, an oil which boils about 
290 C. By the action of sodium in alcohol, pyridine is hydrogenised to heara- 
hydro-pyndine, CsH^N, which is identical with piperidine (p. 754) and maybe 
reconverted into pyridine by heating at 300° C. with H„SO^— 

CjH^N -1- 3H,S0, = C5H5N + 3SO„ + 6HjO. 

This conversion of pyridine into piperidine is important, for, the constitution of 
toe. latter, being known, that of the former is established by the conversion. 
Pyridine is obtained by heating amyl nitrate with P„Oj, which removes the 
elements of water ; C,H,.N03= 3 H .,0 -f- C^H^N. It is also' formed when a mixture 

of hydrocyanic acid and acetylene is passed through a red-hot tube 

HCN 2CJL = C3H5N. 
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Pyridine has been suggested as a remedy for asthma ; on the Continent it is 
used for denaturin^f alcohol. 

The (three) picolmes {methyl pyridines) are isomeric ■with aniline, but they boil 
between 129° and 144° C. (instead of 183°), and are tertiary amines. 3-Picoline, 
C5H4(0H3)N, is obtained by distilling acrolein-ammonia. Also by heating 
glyceryl tribromide, in a sealed tube, to 250° C. with alcoholic solution of 
ammonia ; 2C3H5Br3 + NHj = 6HBr -1- CgH^N. The picolines are very similar in pro- 
perties to pyridine. 

Collidines {trimethyl pyridines), C,H„N. — One of these results from the reaction 
between ethylidene chloride and ammonia at 160° C. — 

4C3H,Cl3 -t- NH3 = CgHjiN + 8H01. 

It is also a product of the decomposition by heat of aldehyde-ammonia. The 
collidines differ from pyridine and the picolines by being sparingly soluble in 
water. 

565. Compounds allied to pyridine. — Pyrone, C!0<[^qj£ ^ neutral 

substance formed by the action of heat on comanic acid, C3H302‘C03H. Meconic 
acid (p. 602) is the hydroxy-dicarboxylic acid of pyrone. 

P^rasiae, N'^^Qg.Qg^.N {paradiazine or aldine). — The hexahydro-deriva- 

tive of this base, C^Hj^No, is piperazine (diethylene diamine, p. 642), a remedy 
for gout. 

Pyrimidine, GH. {metadiazine). The derivatives of this sub- 

stance (which has not been isolated) are polymerides of the alkyl cyanides, pro- 
duced by treating these compounds with sodium. Thus, when methyl cyanide 
is heated with sodium, one part is decomposed, with evolution of methane, whilst 
the remainder is polymerised to cyanmethine, (CH3)3(CN)3, the constitution of 
which is that of an amido-dimethyl pyrimidine ; it is a crystalline, alkaline base, 
soluble in water and possessed of a bitter taste. Oyanethine, (C.3Hs)3(CN)3, is 
similarly prepared from ethyl cyanide. 


566. Quinoline bases . — These occur in bone oil and in coal-tar, and 
are products of the distillation of many alkaloids with KOH.’'* They 
form an homologous series, quinoline being the lowest member : — • 
Quinoline, ; lepidine, CgH5(CIl3)N ; cryptidine, 03H.(0Il3)3N. 

The quinoline bases are synthetically prepared {Skraup’s method) 
by heating aniline or its homologues with glycerine, a dehydrating agent 
(cone. H3SO4), and an oxidant (nitrobenzene). 




CH:CH 


+ 4H3O. 


N ;CH 

This synthesis shows that the N atom in quinoline must be attached to a benzene 
nucleus ; that it occurs in a pyridine ring is proved by the fact than when quino- 
line is oxidised, pyridine dicarboxylic acid (quinolinic add), C3H3(CO„H)3N, is 
formed (cf. the deduction drawn concerning the constitution of naphthalene from 
the oxidation of the hydrocarbon to phthalic acid). 

Quinoline, or chinoline, is prepared by the action of sulphuric acid (50 parts) 
and nitrobenzene (12 parts) upon aniline (ipparts) and glycerine (60 parts). The 
mixture is cautiously heated at 130° C. in a flask with a reflux-condenser, the 
lamp being removed when the reaction begins ; it is then again heated for three 
hours, and distilled with lime, when quinoline distils over together with aniline, 
from which it may be separated by fractional distillation (for equation see 
above). Quinoline is also obtained by distilling quinine, cinchonine, or strych- 
nine with potash, and in the destructive distillation of coal and bones. It is a 
colourless liquid of tarry smell, of sp. gr. 1.08 and boiling point 238° C. It is 
sparingly soluble in water, and is a tertiary amine ; it forms a sparingly soluble 
chromate. It combines with amyl iodide to form a compound which, when heated 
with potash, yields a fine blue colour soluble in alcohol, and termed quinoline- 


* The quinolines obtained from alkaloids were at one time supposed to be isomerides 
of those obtained from coal-tar. ' 
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cmnine {quinoline blue). Lepidine yields a similar compound, and both are used 
in silk-dyeing. The cyanines crystallise in plates which have a green lustre ; they 
are di-acid bases, and their salts are colourless. _ , , , 

Carlostyril is 2'-hydroxyquinoline, and is prepared by the 

dehydration of i : z-amido-dnnamic acid — 

„ „ ^CH : CH-CO..H _ p „ ; CH 

■ ~ N : C{OH) ^ ' 

This reaction is of importance as indicating the constitution of quinoline. 

When quinoline is treated with sulphuric acid, it yields a sulphonic acid, from 
which Jiydroxyquinoline, OjHg(OH)N, may be obtained. Nascent hydrogen con- 
verts this into 0„H.(0H)NH, and, by treating this with methyl iodide, the imidogen 
hydrogen is exchanged for methyl, and the body CgIl3(OH)NCH3 is produced. 
This substance resembles quinine, and its hydrochloride is used medicinally,' 
under the name of hairine as a substitute for quinine. As isomeride of kairine, 
thaUine, CgH,„(OOH3)N, is also used as an antitpyretic. _ , . , 

z'-Methylqidnoline, or quinaldine, CgHj : C3H„(CH3)N, occurs in coal-tar and yields 
quinoline yelloio, C,gH,N(CO)2CgH4, when heated with phthalic anhydride. 
Isoquinoline difEers from quinoline in the position of its nitrogen, 

p „ ^CH : CH 


It occurs in crude quinoline from coal-tar and is used in making quinoline red ; 
it is a crystalline solid; m. p.'23° 0. ; b. p. 237° C. 

567. Acridine bases. — Acridine, GuHgN, occurs in crude anthracene, in which it 
may be recognised by its giving a fluorescent solution in dilute acids, from which 
it may be precipitated by potassium bichromate. It crystallises in colourless 
needles, melts at 110° C., and readily sublimes, yielding a very irritating vapour. 
It behaves as a tertiary base (p- 641). 

Acridine is synthesised by heating diphenylamine with formic acid and a 
dehydrating agent — 

OgHg-NH'CgHg -1- CH<^gjj= -b 2H„0. 


Several dyestuffs, such as chrysaniline, or phosjphine, and ' acridine yellow, are 
substitution-products of acridine homologues. 

568. The class of compounds known as the azines resemble acridine in consti- 
tution. Thus, phenasine, the simplest of them, has the formula — 

Instead of the CgH^ groups, there may be C,„Hg (naphtbylene) groups, the com- 
pound being then called napMliazine. The method by which these compounds 
may be synthesised will be understood from that employed for phenazine, which 
consists in heating together 1 : 2-dihydroxy-benzene and i ; 2-di-amido-benzene, two 
molecules of water and one of hydrogen being eliminated. A considera,ble 
number of dyestuffs is referable to the azines, notably the eurhodines, toluylene- 
reas and safranines. When 0 or S is substituted for ,one of the N atoms, oxazines 
or tldazines (see Diphenylamine dyes, p, 645), are produced respectively. 


Uric Acid and the Alkaloids. 

569. Uric acid and its derivati'vhs. — Althougli these are more 
nearly related to open-chain compounds than are the substances which 
have just been considered, they may be conveniently discussed here, 
• partly on account of their connection with the vegetable bases, origin- 
ally all classed^ together as alkaloids, and partly on account of the 
difliculty of placing them elsewhere in the classification adopted in this 
work. 


Uric acid, or litUc add, or 03(00)3(NH),.— Uric acid is 

generally prepared from^ the excrement of the boa-constrictor (serpent’s 
urine from the Zoological Gardens), which consists chiefly of hyd/ro- 
am7?2o?nh;7?j, H(lSrHJCjHjUp3; is dissolved by boiling with 

dilute potash, which expels NH3, and converts it into normal potassium 
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wrate, KjCjHjN^Oj ; by passing CO, through this, the spafingly-soluble 
hydropotassivm xirate, HKCjHjN^Og, is precipitated; this is washed, 
dissolved in hot water, and decomposed by HOI, which precipitates the 
uric acid. Human urine also yields uric acid in small crystals when 
concentrated by evaporation, mixed hot with a little HCl, and set aside ; 
the crystals are much tinged with urinary colouring-matter, and may 
be purified by dissolving in potash and treating as above ; healthy urine 
yields, at most, one thousandth, by weight, of the acid. 

Guano, the partly decomposed excrement of sea-birds, contains much 
uric acid, which maybe extracted from it by boiling it with a 5 -per-cent, 
solution of borax, and adding HOI to the filtered solution. 

Uric acid is a white crystalline powder, appearing under the micro- 
scope in peculiar modifications of the rhombic prism. It is very 
sparingly soluble in water, requiring 1800 parts of boiling water and 
14,000 parts .of cold water ; and it is insoluble in alcohol and ether, but 
dissolves in glycerine and in alkaline liquids, 

■When heated, it is carbonised and decomposed emitting odours of NH, and 
HCN ; urea and cyanuric acid are also found among the products. Strong H;SO^, 
heated with uric acid, dissolves it without blackening, and, on cooling, deposits 
crystals containing 2H„S0j ; water separates uric acid from them. Nitric acid 
dissolves uric acid easily when gently warmed, effervescence taking place from 
escape of nitrogen, CO^, and oxides of nitrogen. On evaporating the solution, it 
leaves a yellow residue, which becomes red when further heated. This residue is 
a mixture of several oxidation products of uric acid, and assumes fine purple 
colours when treated with ammonia or potash {murexide test). Uric acid acts as 
a reducing agent ; it precipitates cuprous oxide from alkaline cupric solutions, 
and reduces silver nitrate to the metallic state, if a little sodium carbonate is 
added. 

When uric acid is heated with strong hydriodic acid in a sealed tube 
to 160° — 170° 0., it yields glycocine, and the products of decomposition 
of urea, viz., HH^ and COg. Conversely, if glycocine be heated with 
excess of urea to 230°, uric acid is formed — 

CHjNH/COsH + 3C0 (NH„)j= Cj{C 0)3(NH)^ + 3NH3 + zHjO. 

(ilyoooine. * 3 mols. urea* Uric acid. 

TJrea is found among the products of distillation and oxidation of 
uric acid. 

The acid character of uric acid is feeble, and its salts are, for 
the most part, sparingly soluble ; it is dibasic. Hydrosodium urate, 
HNaOjHjN^Og, occurs in the gouty concretions termed chalk-stones, 
and sometimes as a deposit from urine. 

The hydro-ammonui/m urate is the buff or pink deposit so often formed 
in urine on cooling ; it disappears on gently warming ; the colour does 
not belong to the salt itself. Hydrolithium urate, HLiU, is the most 
soluble urate, requiring 370 parts of cold and 40 parts of boiling water, 
whilst the sodium salt requires 1100 parts cold and 124 parts boiling, 
and the ammonium salt requires 1600 parts of cold water. 

Uric acid and urates are very common constituents of urinary calculi. 
They are also found in minute quantity in blood and some other animal 
fluids, and in the solid parts of some animals. 

There is no evidence that uric acid contains • OOOH groups, or even 
• OH groups ; it probably owes its acid character to the presence of 
rlSTH groups, which, as has been already explained (p. 649), impart acid 
properties to compounds containing them. When lead urate is heated 
with methyl iodide, dimethyl wric cscid, containing two methyl groups 
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•in place of two H atoms, is obtained. This is also a dibasic acid, 
showing that it must still contaih two NH groups When dimethyl 
uric acid is decomposed, it yields two molecules of metbylamine , it ^ust 
therefore be supposed to contain each of its methyl groups directly 
united to a nitrogen atom, in which case there must have been four 
NH groups in the original uric acid. The various decompositions of 
uric Mid, described below, indicate that it contains three carbon atoms 
directly united, and that at least two of its NH groups must be attached 
dhectly to a CO group (for urea, CO(NH2)2, is a product of its decom- 
position). These considerations have led to the structural formula 

^ ... 


The simplest decomposition products of uric acid may be considered as derived 
from dibasic acids by the condensation of these with urea. Thus, parabanic acid 
\v.i.) may be said to be derived from urea and oxalic acid according to the 

equation + = +H„0. This is analogous to the 

^ ^NHj COOH \NH-C0 

condensation of ammonia with dibasic acids to form diamides, and such com- 
pounds as parabanic acid are called ureides. • 

When uric acid is added by degrees to strong nitric acid, it dissolves with 
. effervescence, caused by liberation of CO.^ and N, and the liquid becomes hot. On 

cooling, it deposits octahedral crystals of alloxan, nits- 

oxahjl-urea, which stains the skin pink, and gives an intense purple colour with 
ferrous sulphate and a trace of potash. The octahedral crystals contain lAq, 
but it may be crystallised in prisms with 4Aq. 

When alloxan is boiled with baryta-water, it deposits the barium salt of 
alloxanic acid; 0303(NHbC0-(-H20=NH,-C0-NH-[C0VC00H, If the boiling be 
long continued, the products are urea and (the barium salt of) mesoxalic acid — 
NH,- 00- NH -[CO]; COjH 2 HOH = CO(NHj) 3 + C( 0 H) 3 (C 03 H) 3 . 

By hydrogenising alloxan, it is converted into dialuric acid, or tartronyl-urea, 
CO<^^^.0q^^OHOH. This is effected by passing HjS through a boiling 

solution of alloxan, when sulphur is precipitated. Dialuric acid crystallises 
in needles which absorb oxygen when exposed to air, and are converted 
into alloxantin, 0 „HjNj 0 „ with loss of aHjO. This body is' also precipitated, 
together with sulphur, when H^S is passed into a cold solution' of alloxan, when 
the dialuric acid formed at first reacts with the excess of alloxan, and the 
alloxantin, being nearly insoluble in cold water, is removed from the further 
action of the H.S, 

Alloxantin is precipitated on mixing solutions of alloxan and dialuric acid, so 
that it is a diureide formed from these two ureides by loss of one mol. H„ 0 . When 
uric acid is dissolved in hot dilute nitric acid, alloxatin is the chief product, and 
its preparation may be combined with that of alloxan by treating the cooled 
mother-liquor from the alloxan with H^S, and boiling the precipitate with 
water, which extracts the alloxantin and deposits it, on cooling, in prisms con- 
taining 3Aq. It has an acid reaction, and produces a fine violet precipitate with 
bartya- water, which is bleached by boiling, being converted into the alloxanate 
and dialurate. Ferric chloride and a trace of ammonia give a blue colour with 
alloxantin. It becomes red when exposed to air containing ammonia. On 
adding ammonium chloride to a hot saturated solution of alloxantin, it becomes 
first purple and then colourless, depositing a cyrstalline precipitate of uramil 

{murexan) or 'CO <^g|;gg^OHNH3, and leaving alloxan in solu- 

an ammoniacal solution of uramil be mixed with ah ammoniacal solution 
of aUoxan, a purple solution is formed which deposits crystals, with a OTeen 
metallic lustre, of murexide, or acid ammonium purpurate, NH.'CHNO HO 
the constitution of which is uncertain, but the formula is the sum of ^one 'mole- 
cule of uramil, one of alloxan,'and one of ammonia. Since alloxan and uramil 
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are both produced -when uric acid is evaporated with nitric acid, it is easy to 
account for the purple colour produced by treating the residue with ammonia. 

Murexide is also formed by heating alloxantin to loo“ C. in a current of 
ammonia-gas, when water is eliminated — 

(C0)2(N„C3H,02),0 + 2 NH 3 = H„0 + (C0)„(N„C3HA)„(NH,)„. 

Alloxantin, Murexide. , 

When uramil is boiled with water and mercuric oxide, an atom of oxygen from 
the latter acts upon 2 molecules of uramil, yielding murexide and water. Crystals 
of murexide are also obtained by dissolving 7 parts of (prismatic) alloxan and 
4 parts of alloxantin in 240 parts of hot water, and adding 80 parts of a cold 
saturated solution of ammonium carbonate. Murexide is sparingly soluble in 
eold water, and insoluble in alcohol and ether. Potash dissolves it with a rich 
purple colour. Acids bleach it, apparently producing uramil. 

When alloxantin is heated with strong HjSO^, at 100° 0., as long as S0„ is 
evolved, it is converted into barbituric acid, or malonyl-urea, which is also obtained 
synthetically by heating urea with malonic acid and phosphorus oxychloride — 

3CH„(C0-0H), -i- 3C0(NH.,), + 2P0Cl3=3CH„<^^§ ; ^J^^CO + 2P0(0H)3-f 6 HCI. 

Barbituric acid is sparingly soluble in cold water. When boiled with alkalies, it 
yields malonic acid and urea. Amido-barhituric acid is identical with uramil. 

< NJEI*CO 

NH*CO’ chief product of the more 

violent oxidation of uric acid, and is prepared by gradually adding uric acid to 
six parts of nitric acid (sp. gr. 1.3) at 70° C., evaporating to dryness on the steam- 
bath, and re-crystallising from water. It forms prisms which are strongly acid, 
dissolve in alcohol, but not in ether. It is a dibasic acid ; its solution gives, with 
•silver nitrate, a characteristic crystalline precipitate of C0’N;Ag;(0202).H„0. 
■RTien boiled with dilute acids, parabanic acid yields urea and oxalic acid, and it 
may be synthesised from these substances in the presence of phosphorus oxy- 
chloride; (C0‘0H)2+C0’NjH^==2H0H-f Most oxidising-agents 

convert uric into parabanic acid — e.g., bromine and water, HCl and potassium 
<3hlorate, MnO, and H2SO4. 

Oxaluric acid, NHj'CO'NH'CO'COjH, is formed by the action of alkalies on 
parabanic acid, when it combines with the elements of water. Ammonia is 
preferable, because potash decomposes the product. When parabanic acid is 
boiled with ammonia, ammonium oxalurate crystallises in needles after cooling. 
If these be dissolved in hot water, HCl precipitates oxaluric acid as a crystalline 
powder. This acid has the same relation to parabanic acid as alloxanic acid has 
•to alloxan — 


Alloxan 
Alloxanic acid 


NJH„(00), 

N:H3'(00)3-C02H 


Parabanic acid 
Oxaluric acid . 


N„H„(C0)3 
n:h3‘(co).,-co„h 


A small quantity of ammonium oxalurate may be extracted from urine by 
n,nimal charcoal ; after having served for the filtration of a large volume of urine, 
the charcoal is well washed with water, and boiled with alcohol, which leaves the 
oxalurate mixed with colouring matter, when evaporated. 

Oxalur amide, N2H3(0O)j'C0'NH2, is metameric with ammonium parabanate, 
•C0'N.2H(NH,)’C,.0„) and is" obtained by heating that salt to roo° C. 

Dimethyl-parabanic add, CO •N„(CH3)2'C202, or chohstropliane, is formed when 
silver parabanate is heated with* methyl "iodide. It is interesting from having 
been originally obtained by the oxidation of caffeine (see Caffeine). 

The principal immediate products of the oxidation of uric acid in acid solution 
have been seen to be alloxan, parabanic acid, and urea ; but, when an alkaline 
.solution of uric acid in potash is exposed to air, it slowly absorbs oxygen, and 
deposits crystals of the potassium salt of uroxanic add, from which the acid may 
be precipitated by HCl : C5H4N403-l-2H20-f 0 = C3H3N402(C0jH)2. 

When boiled with water, it is decomposed into single molecules of C0„, urea, 
NH'CO 

a.ndi glyoxyl-urea, allanturic add. 


When uric acid is boiled with lead dioxide and water, a precipitate of lead 
■oxalate is formed, and the filtered liquid deposits crystals of allantoin, while the 
mother-liquor yields urea on evaporation; 2C5HAO3 (uric add) 02-f5H;0= 
C^HgN^Oa (aUantoin) -faCONjH^ (urea) (oxalic acid). Allantoin is found 

in the allantoic liquid of the cow. 
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Iso-itric acid, having the same composition as inric 
solution of alloxantin with solution of cyanamiQO* 


acid, is deposited on boiling 
It is more easily oxidised 


+ 2(CN-NIH) (cynnanuWc) = {iso-uric acid) + 0 . 

Some alloxan is formed at the same time by the oxidation of some of the allox- 
antin, which thus serves as the necessary reducing agent. 

Uric acid has also been synthesised by the following reactions : 

•Action of urea on ethyl aceto-acetatc yields methil ^ 2 dll-C{ 0 Hj)=^f^fT 

vraoil , ,• 

Action of HNOjOn this yields nUronractjlcarloxi/hc ^^^nH-C(CO„II)j 


acid 


By heating with lime this yields nifrouracyl . 
By reduction this yields isoharhitnric acid . 
By oxidation this yields isodiahiric acid 


• co<S*:go‘>®®=- 

• CO<gggg>OOH. 


CNO. 


which yields uric acid When warmed with urea and H„SO^. 

570. Guanine, CiHjN^O, is extracted from guano (the excrement of sea-fowl) by 
boiling it with lime and water, and boiling the undissolved residue with soda, 
which dissolves the guanine and uric acid ; these arc precipitated by acetic acid, 
and the guanine dissolved out by hydrochloric acid, and precipitated by ammonia. 
It is amorphous, insoluble in water and alcohol, and acts as a weak di-acid base 
and a weak dibasic acid. It is very nearly related to uric acid (CjHjN^O,) ; when 
evaporated with nitric acid, it leaves a yellow residue which becomes purple red 
with soda. Oxidised by potassium chlorate and hydrochloric acid, it yields C 0 ._., 
parabanic acid, and guanidine — 

CiHsN^O + O3 + H „0 = COj + + C(NH)(NH,)3. 

Guanine is found in the pancreas of the horse, in gouty deposits in pigs, in the 
excrement of spiders and the scales of bleak. It is formed, together with xan- 
thine and sarcine, when yeast is allowed to decompose in water at 35° 0. 

Xanthine, CsH,N40„, is prepared by the action of nitrons acid on guanine ; 
05H5Ns0-i-HN0j=05H,N40j+H„0+N-. Itforms minntewhite crystals sparingly 
soluble in water, insoluble in alcohol, dissolved by alkalies, and reprecipitated by 
acids. Evaporated with nitric acid it leaves a yellow residue, becoming violet 
when heated with potash. It yields crystalline salts with acids, but they are de- 
composed by water. Its ammoniacal solution yields, with silver nitrate, a gela- 
tinous precipitate containing C^HjAgoN^O^HjO, which, when treated with methyl 
iodide, yields theobromine (q.v,). ' ' 

Xanthine occurs in certain rare urinary calculi, and, in small quantity, in urine, 
in the liver, pancreas, spleen, and brain ; also in guano and yeast, 

Sarcine, or hypoxanthine, C^H^N^O, exists in extract of meat, amounting to about 
0-6 per cent,, and may be precipitated from the mother-liquor of the extraction 
of creatine (p. 656) by boiling with cupric acetate. The brown precipitate is 
dissolved in nitric acid and precipitated by silver nitrate, which forms an insolu- 
ble compound from which the sarcine may be extracted by decomposing with 
H„S and boiling with much water. It crystallises in minute needles, and is more 
soluble than xanthine, though it forms a less soluble hydrochloride. It is feebly 
basic and acid. Nitric acid oxidises it to xanthine. Sarcine is generally found 
together with xanthine, and occurs in many parts of the animal body, especially 
m marrow. 


Xanthine and sarcine are both produced when uric acid is acted on by water 
and sodium amalgam. This reaction, considered together with the conversion of 
guanine into xanthine by nitrous acid, indicates a simple relationship between 
' these compounds. 



Xanthine. 


TTxr . n^NH-CH ; 0 

HN ; ^ . N__>CO 

Guanine. 


Carnine, CjHsN^Oj, 




|> 00 . 


-NH-CO-G-NH- 
vNH-— *C-NH, 

Uric acid. 

is also found in extract of meat, and much resembles 
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xanthine and sarcine. Nitric acid or bromine-water oxidises it to sarcine. It 
may possibly be derived from uric acid by substitution of (CH^)^ for 

Tetanine, OjHuN, has been obtained from the putrefying beef extract used for 
cultivating a microbe alleged to be the cause of tetanus in animals. It is a vola- 
tile liquid, boiling at about ioo° C., and produces symptoms’ of tetanus when 
injected under the skin. 

571. The alkaloids. — These compounds possess particular interest 
for the chemist, on account of their powerful action on the animal 
economy, many of them being the active principles of the medicinal or 
poisonous plants from which they are extracted. Hitherto few of them 
have been prepared artificially, though the study of their properties in- 
dicates that they are ammonia-derivatives. They all contain nitrogen, 
but rarely more than two atoms in a molecule, though there may be 
twenty or thirty carbon-atoms ; they all contain oxygen with the excep- 
tion of coniine, nicotine, and sparteine, which are volatile liquids. 
Most of them refuse to sublime without partial decomposition, which 
unfits them for ranking as amines; they dissolve sparingly in water, 
which renders it unlikely that they are ammonium bases, and brings 
them nearer to the amides, which many of them also resemble in theii’ 
feebly basic character. The alkaloids are soluble in alcohol, and their 
solutions are generally alkaline and bitter. Their salts are formed, like 
those of ammonia, by the direct union of the base and the acid, with- 
out separation of water, and, as a rule, the salts are soluble in water. 
The hydrochlorides of the alkaloids resemble those of all amines, as 
well as the chlorides of the alkali-metals and the ammonium bases, in 
.forming crystalline double salts with platinic chloride, mercuric chloride, 
and auric chloride. Most of the alkaloids may be precipitated from 
their solutions by iodine dissolved in potassium iodide, by potassio-mer- 
curic iodide, by potassio-bismuthic iodide, by picric acid, tannin, meta- 
tungstic acid, and phosphomolybdic acid. 

572. Two of the alkaloids, theobromine sixid. caffeine, are closely related 
to uric acid. 


Theobromine, OjHjNjOj, is probably dimethyl-xanthine — 
NCH3-CH:C- 
Co NH-C : 




It is extracted from the seeds of the cacao-tree {Theobroma cacao), which grows 
in Demerara. These are known as cocoa-nibs, and are the raw material of cocoa 
and chocolate. The cocoa-beans contain 1-2 per cent, of theobromine, which 
may be extracted from them in the same way as caffeine (which it much resem- 
bles) from tea or coffee. When treated with hydrochloric acid and potassium 
chlorate, it yields dimethyl-alloxantin, C 8 Hj(CH 3 ) 2 N 40 ,. When theobromine is 
dissolved in ammonia and boiled with silver nitrate, a white precipitate of silver 
theobromine, 0,H,AgN^0j, is obtained, and when this is heated with methyl iodide, 
it yields methyl theobromine, or caffeine — 

C,H,AgN,0„ -t- CH 3 I - C,H,(CH3)N,03 -}- Agl. 


Caffeine or theine, 

NOH-CH = C'HOH 


OsH,A03, 


methyl-theobromine, or irimethyl- 


xanthine, NCH’O'N extracted from a plant of 

Cinch onaceous order, the cofiee-tree {Caffea arabicd), the seeds of which 
contain about 1-5 per cent, of cafieine. It is also found in the leaves ; 
but those of the tea-plant (Thea) yield more of it, the proportion in the 
dried leaf varying from 2 to 4 per cent. 

Preparation of caffeine. — Tea-dust is boiled with water to extract all 
the soluble matter, which amounts to about 30 per cent., and consists 
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of tannin, caffeine, aromatic oil, and other bodies. _ Tlie decoction JS 
filtered mixed with excess of lead acetate, which precipitates the tannin, 
a«-ain filtered, the lead precipitated by H.S, and the filtrate frorn the 
lead sulphide evaporated to a small bulk, when the cafleine crystallises 
and may be purified by recrystallisation from alcohol. 

The waste tea-leaves which have been cxhansted in the tea-pot will yield a 
considerable proportion of caffeine when treated in this way. Caffeine may be 
extracted from unroasted coffee-beans by grinding them, and treating them in a 
similar manner. Caffeine may be sublimed from tea-leaves or coffee-beans by gently 
heating them in an evaporating-dish covered with a dial-glass one of the best 
processes for obtaining it is to precipitate decoction of tea with fnbasic lead 
acetate, to evaporate the filtrate to dryness, on the steam-bath, at last, and to 
cautiously heat the dry residue in an evaporating-dish, when the caffeine sublimes 

on to the cover. . . -. 

■ Caffeine may also be extracted from raw coffee by mixing it with halt its 
weight of slaked lime, extracting with hot alcohol, evaporating to dryness, re- 
dissolving in alcohol, filtering, diluting with water, and evaporating off the 
alcohol, when the oil separates and may be filtered off, and the solution deposits 
crystals of caffeine. 

Caffeine is contained in several plants which are used in various 
places for chewing or preparing drinks. Paraguay tea is made from 
the leaves of one of the Ilicacece, or Holly order, the Hex jyaraguayoisis, 
and is drunk, under the names of mate and congonha, in Paraguay, 
Brazil, Chili, and Peru. The leaves contain caffeine. Another bever- 
age containing caffeine is used by the Indians of Brazil, and called 
Guarana, being prepared from the seeds of the Paullinia soi'hilis, a 
tree of the Soap-wort order, to which the hoi'se-chestnut belongs. 
The kola-nut, or seeds of Cola acuminata, used as food and medicine 
by the natives of West-Central Africa, contains about 2 per cent, of 
caffeine. 

Caffeine crystallises in fine silky needles containing a molecule of 
water, which is expelled at 100° 0 . It melts at 225° 0 ., and sublimes 
undecomposed. It dissolves in 90 parts of cold water, yielding a bitter 
solution', which is not alkaline. It is soluble in alcohol and ether, and 
more easily in benzene and chloroform. 

Caffeine is a very weak base, its salts being decomposed by water. 
The hydrochloride, OgHjoH4O2.HOl.2Aq, crystallises from strong hydro- 
chloric acid in prisms, which leave pure caffeine at 100° 0 . The 
sulphate, OgHjoN^Oj.HjSO^, is obtained in needles by adding dilute 
sulphuric acid to a hot alcoholic solution of caffeine. The acetate is 

Chlorine-water (or HCl -f- KClOg) converts caffeine into amalic acid, or tetra- 
metliyl alloxantin, 0 j(CH 3 ) 4 N 4 O,.Aq. In the presence of air, water, and ammonia, 
this ^elds murexoin, or tetramethyl murexide, C8(CH3)4NgO„(NH4), which crystal- 
bses from hot water in scarlet prisms with a golden lustre. The test for caffeine 
is based on this : dissolve it in strong HCl, add a crystal of potassium chlorate, 
and evaporate to dryness. A red residue is left, which becomes purple with 
ammonia, and is bleached by potash. 

The final product of the action of chlorine-water on caffeine is cholestropltane 
boiled with baryta- water, caffeine is converted into cafei- 
dine, CjHijN^O, which is a stronger base than caffeine- 

mi, n + Ba( 0 H )3 = + BaCOg. 

573. ine alkaloids ptperine, coniine, and nicotine, are derivatives of 
pyridine., 

Fiperine, ov piperidine piperate, C.iHgOg-CO-NCgHjo, bears the same relationship 
topiperic acid, CH3<^g^C3H3-CH:CH-CH:CH-C03H, that acetamide bears to 
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acetic acid, the piperidine residue, •NC5H,„, behaving like the ammonia residue, 
• NH„. It is a feeble base extracted by alcohol from white pepper, the ripe fruit 
of Piper nigrum (the unripe fruit is black pepper). It crystallises in prisms 
(m. p. 128° C.), which are insoluble in water, but soluble in ether. The alcoholic 
solution tastes hot. When boiled with potash it yields piperidine, and potassium 
piperate. It dissolves in HoSO^ cone, with’a red colour. 

Piperidine or hexahydro-pyridine, CjH„N,is a liquid secondary monamine, boiling 
at 106° C,, and smelling of pepper and ammonia ; it is soluble in water, forms 
crystalline salts, and behaves like other secondary amines in yielding tertiary 
amines and ammonium bases. When heated to 300° C. with strong IIjSO^, it 
yields pyridine, C5H5N, which may be reconverted into piperidine by nascent 
hydrogen, furnished by tin and HCl. The constitution of piperidine is established 
by its production from pentamethylene diamine : — 

CH„- GH„- NH„ ~ \ CH„- 

Coniine, or z-normal-propyt piperidine, C5H5(C3H,)NH, is extracted from the 
seeds of hemlock (Conium macidatum) by crushing them and distilling with weak 
potash. The distillate, which contains ammonia and coniine, is neutralised with 
sulphuric acid, concentrated by evaporation, and mixed with alcohol to precipitate 
the ammonium sulphate. On evaporating the filtrate and distilling with strong 
potash, coniine distils over together with water, upon the surface of which it 
floats. It is distilled with dried potassium carbonate, to remove water, and the 
portion distilling at i6S° C. is collected separately. 

Coniine has a strong odour of mice ; its sp. gr. is 0.89, and it boils at 168° C. 
It is sparingly soluble in cold water, giving an alkaline solution. It dissolves in 
alcohol and ether. When exposed to air, it becomes brown, and evolves ammonia. 
Oxidising agents, such as nitric and chromic acids convert it into butyric acid, 
C,HgO„. When coniine is heated in a sealed tube with methyl iodide, it exchanges 
H for'CH,, showing it to be a secondary monamine, NH(C8H,5)". The methyl 
coniine, NCH3(C8H,3)", sometimes occurs in hemlock. It combines with methyl 
iodide to form a crystalline coniine-methjlium iodide, N(C3H,5)"(CH3)J, which 
yields a caustic alkaline hydroxide when decomposed by silver hydroxide. 
Hemlock also contains another base, conhydrine, CpHuNO, crystallising- in plates. 

Coniine has been obtained artificially by the action of sodium on an alcoholic 
solution of allyl-pyridine, Cr,H^(C3Hj)N, a liquid product of the action of paraldehyde 
upon picoline, 05H4(CH3)N. The base obtained in this way, however, is optically 
inactive ; when its tartrate is fractionally crystallised, it is split up into a Isevo- 
base and a dextro-base [cf. p. 601) ; the latter is coniine. 

Paraconiine, CgHuN, propyl tetraliydropyridine, is obtained by distilling the 
product of the action of alcoholic ammonia on butyric aldehyde — 

2C3H,CH0 -f NH3 = H3O + CsH^NO 

(dihutyraldine) •, CgHj,N0 = H„0-f C^HisN {paraconiine). This base is very similar 
to coniine, and, like it, a powerful narcotic poison, but it has no action on 
polarised light, whilst coniine is dextro-rotatory, and it appears to be a tertiary 
monamine, for it yields only a methylium iodide when acted on by methyl iodide. 


Nicotine, or hexahydro-d^jyridyl, OgHipN", is found 

chiefly as malate, in the seeds and leaves of tobacco,’ Nicotiana tabacum, 
a plant of the order of Atropacese, many of which, especially deadly 
nightshade, thorn-apple, henbane, and mandrake, yield narcotic poisons. 
Nicotine is extracted from tobacco-leaves by digesting them with very 
dilute sulphuric acid, evaporating to a small bulk, and distilling with 
excess of potash. The distillate is shaken with ether, which collects the 
nicotine and rises to the surface ; the ethereal layer is drawn off, the 
ether distilled, and the nicotine placed in contact with quick-lime to 
remove the water, and distilled in a current of hydrogen, since it is 
decomposed when distilled in air at the ordinary pressure. 

Nicotine is colourless when freshly prepared, but soon becomes brown 
in air. It smells strongly of tobacco, has sp. gr. 1.048, and boils at 
247° C. It is soluble in water, alcohol and ether ; its solution is alka- 
line. It is a di-acid base, but its salts do not crystallise well. When 



TOBACCO. 


755 


heated -with ethyl iodide, it behaves as a tertiary amine, yielding 
nicotine-ethyliimi di-iodids, which yields the 

corresponding caustic alkaline hydroxide when decomposed by silver 
hydroxide. 

By oxidation with chromic acid, nicotine yields nicotinic acid {ptjridinc-^- 
carhoxylic acid) CsHXCO.H)N which yields pyridine, when distilled with lime. 

Nicotinic acid has been prepared from malic acid by the following reactions 
When acted on by strong sulphuric acid, malic acid yields water, formic acid, and 
coumalinic acid-, 2[C,Hj(0H)(C0jH).,l=2H„O + 2HCq;H + C,H30„-C0JL Conma- 
linic acid, acted on by ammonia, yields hydroxynicotinic acid — 

C 5 H 30 yC 0 .,H +NH 3 =HuO + C3H3(OH)(CO„H)N. 

This is converted into cMoronicoiinic acid, CjHjCllCOjHjN, by phosphoric chloride, 
and from this, nicotinic acid, CjH^lCO^HlN, is obtained by the action of tin and 
hydrochloric acid. 

It is worth notice that malic acid (or hydrocalcium malate) exists in tobacco. 
Virginian tobacco contains more nicotine than other varieties, the alkaloid 
amounting to nearly 7 per cent, of the weight of the le.af dried at 212° F., whilst 
the Maryland and Havannah varieties contain only 2 or 3 per cent, of nicotine. 
Tobacco is remarkable for the very large amount of ash which it leaves when 
burnt, amounting to about one-fifth of the weight of the dried leaf, and contain- 
ing about one-third of potassium carbonate, resulting from the decomposition of 
the malate, citrate, and nitrate of potassium during the combustion. The 
presence of this latter salt in large quantity (3 or 4 parts in 100 of the dried leaf) 
distinguishes tobacco from most other plants, and accounts for the peculiar 
smouldering combustion of the dried leaves. 

Cigars are made directly from the tobacco leaves, which are only moistened with 
a weak solution of salt in order to impart the requisite suppleness ; but sniif, after 
being thus moistened, is subjected, in large heaps, to a fermentation extending 
over eighteen or twenty months, which results in its becoming alkaline from the 
development of ammonium carbonate (by the putrefaction of the vegetable 
albumin in the leaf) and of a minute quantity of free nicotine, which imparts the 
peculiar pungency to this form of tobacco. The aroma of the snuff appears to be 
due to the production of a peculiar volatile oil during the fermentation. The 
proportion of nicotine in snuff is only about 2 per cent., being one-third of that 
found in the unfermented tobacco ; and a great part of this exists in the snuff in 
combination with acetic acid, which is also a result of the fermentation. It is 
also not improbable that a little acetic ether is produced, and perhaps some other 
acids and ethers of the acetic series (e.g., butyric and valerianic), of which 
extremely minute quantities would give rise to great differences in the aroma of 
the snuff. 

574. Sparteine, is a narcotic alkaloid extracted from the common broom 

(Spartium scoparium) tiy digestion with weak sulphuric acid and decomposing the 
sulphate by_ distilling with potash. It is liquid, heavier than water, boiling at 
311° C. It is sparingly soluble in water, giving an alkaline solution with a bitter 
taste. It smells rather like aniline, and becomes brown when exposed to air. It 
acts as a di-acid base, and appears to be a tertiary di-amine. 

daturine, CijHjjNOj, is found in deadly nightshade {Atropa 
oelMaonna) and thorn-apple {Datura stramonium), plants of the same order as 
tobacco. _ It is obtained by expressing the sap from the flowers of belladonna, 
nearing it to go® C. to coagulate the albumin, filtering, adding potash to liberate 
t^ bc^e, and shaking with chloroform, which collects it and sinks to the bottom. 
The chloroform is distilled off, and the atropine recrystallised from alcohol. It 
crystallises in prisms, fusing at 114'’ C., sparingly soluble in cold water, and having 
5. taste and a very poisonous action, with the characteristic effect 

u pupil of the eye. Atropine behaves like an amide, for, when boiled 

~^yta- water or with hydrochloric acid, it yields a crystalline base, tropine, 
rigHjjNO, and a crystalline acid, tropic add, OgHgO-COOH— 

CjjHggNOg -)- H3O = CgHigNO -f CgHgO-COOH. 

When tropic acid is long boiled with baryta, it yields atropic and isotropic acids 
which are isomeric with cinnamic acid; CsHg 0 -C 00 H=H„ 0 -l-CjH,-C 00 H. 

Byoscyamine, CijHjjNOg, is isomeric with atropine, and is associated with it in 
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nightshade and thorn-apple, but it is more abundant in the species of hyoscyamus 
(henbane) belonging to the same order. It is very similar to atropine. 

Solanine, C4,Hg,NO,5, is contained in plants of the order Solanacem, nearly 
related to the Atropaceoe, especially in Solanum nigrum and in the shoots of 
potatoes {Solanum tuberosum) which have been kept in a cellar during winter. 
To extract it, the plant is digested with weak sulphuric acid, and the solution 
precipitated with ammonia. It crystallises from alcohol in prisms, which are 
nearly insoluble in water. It gives a red solution when heated with sulphuric 
acid and alcohol. 

576. Opium-alkaloids. — Opium (otto?, is obtained from the Pot- 

paver somniferum, or opium-poppy, cultivated in Turkey, Egypt, India, 
and other Oriental countries. A few days after the poppy-flower has 
fallen, incisions are made in the poppy-head, when a milky juice exudes. 
After twenty-four hours, this becomes a soft solid mass of bro^VIl colour, 
and is scraped ofi’ and wrapped in leaves for the market. Opium con- 
tains about 25 per cent, of a gummy substance, 20 per cent, of ill-deflned 
organic matters, a little caoutchouc, resin, oil, and water, and variable 
proportions of a large number of alkaloids, of which morphine, narco- 
tine, and narceine are the most abundant. Some of these have been 
imperfectly studied, but they are mentioned in the following list — 

Hydrocotarnine . CjoHuNOa Papaverine . . , 

Morphine . . C„H|„N03 Meconidine . . CjjHjgNO^^ 

Oxymorphine . . C„H,„N04 Laudanosine . . GjjH^NO^ 

Codeine . . . CigH^iNOj Ehseadine* . . . ' Cj,H2,NOg 

Thebaine. . . C,gHj,N03 Cryptopine. . . CoiH^NOj 

Codamine ) p, tt -vto Narcotine . . CjjHjjNO, 

Laudanine I ' * Lanthppine. . . C^HjjNO^ 

Protopine . . CjoHuNOj Narceine . . . C^H^jNCg 

Laudanum is supposed to contain about 7 parts by weight of opiiun 
in 100 measures of proof spirit. 

' Morphine, OiyHjgbTOg, is extracted from opium by steeping it in warm 
: water, which dissolves the meconate and sulphate of morphine, straining, 
, and adding calcium chloride, which precipitates calcium meconate. The 
I filtered solution is evaporated to a small bulk and set aside, when the 
I hydrochlorides of morphine, codeine, and oxymorphine crystallise out. 
j These are dissolved in water, and the morphine precipitated by adding 
I ammonia. It is purified by dissolving in alcohol, and crystallising. 

Morphine crystallises in prisms, which are almost insoluble in water, 
requiring 10,000 parts of cold and 500 parts of boiling water ; it is nearly 
insoluble in ether and chloroform, both of which dissolve most other 
alkaloids. It is soluble in ethyl acetate (acetic ether) and in amyl 
alcohol, either of which may be employed to extract it from an aqueous 
solution. Even ether may be employed to extract morphine from an 
alkaline solution, if shaken with it immediately after adding the alkali, 
and before the morphine has precipitated. Morphine differs from most 
other alkaloids by being very soluble in potash ; if a drop of weak pot- 
ash be stirred with solution of a salt of morphine, the alkaloid is pre- 
cipitated, but it is redissolved by a very little more potash. Ammonia 
does not easily redissolve it unless ammonium chloride be present. 

Crystallised morphine is OjyHjglTOg.IIjO, and does not lose its water 
till 120° C,, when it.fuses, and becomes a crystalline mass on cooling. 
When more strongly heated, a little sublimes, but the gireater part car- 
bonises and evolves alkaline vapours. Morphine behaves like a tertiary 


* Fotmd in the field-poppy, Papaver rhccas. 
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inonamine ; it contains two OH groups and resembles, in some reactions, 
a dihydric pbenol. Its solutions are alkaline, and it combines witn 
acids, like ammonia. The proportion of morphine in opium varies from 

6 to 15 per cent. . y . • .-u 

Morphine hydrochloride, C„H,„N03.H01, or muriate of morphia, \s the 
cliief form in which, morphine is used in medicine. It crystallises in 
needles with 3 Aq, and is easily soluble in water and alcohol. Morphine 
meconate, the most soluble of the salts, is also used in medicine; it 
exists in opium. 

Morphine and its salts act as powerful narcotic poisons ; they are 
easily identified by giving a blue colour with ferric chloride (purple in 
the case of meconate) and a golden yellow with strong nitric acid. Mor- 
phine acts, in many cases, as a reducing-agent ; it liberates iodine from 
iodic acid in solution ; it reduces potassium ferricyanide to ferrocyanide, 
and precipitates silver when boiled with silver nitrate. When distilled 
with potash, morphine yields methylamine. 

ApomorpMne, C,,H„NOj, is formed when morphine is heated with a large 
excess of strong hydrochloric acid, for some hoars, at 150“ C. ; C|,H,5N03= 
C„H„N 0 „+H„ 0 . From the hydrochloride thus obtained, sodium carbonate pre- 
cipitates apoinorphine as an amorphous powder, r.apidly turning green in air, and 
then dissolving in ether with a pink colour. It is much more soluble in alcohol 
and ether than is morphine. Apomorphine is a powerful emetic, even when in- 
jected under the skin. 

Morphine periodide, is obtained as a brown precipitate when solu- 

tion of iodine in KI is added to morphine hydrochloride. 

Codeine, or methyl morphine,^ is obtained from opium by adding 

potash or soda to the ammoniacal mtrate from the morphine. It may be purified 
by crystallisation from ether. Codeine has been obtained from morphine by- 
heating it with methyl iodide in alcoholic solution. 

Codeine is easily soluble in hot water, alcohol, and ether. It crystallises from 
ether in anhydrous octahedra, and from water in rhombic prisms, which contain 
Aq. The crystals fuse under water. It is a narcotic poison, though less powerful 
than morphine, and amounts in opium to only about 0.5 per cent. It is strongly 
alkaline, gives no colour with ferric chloride, and does not reduce iodic acid like 
morphine. It is a tertiary monamine. When heated with caustic alkalies, it 
yields methylamine and trimethylamine. Heated with strong HCl at 150° G., it 
yields apomorphine and methyl chloride. 

Narcotine, 0,gHj,(CH3)3N0„ is extracted from the residue left after exhausting 
opium with water. This is digested with acetic acid, which dissolves the narco- 
tine, and yields it as a precipitate on adding ammonia. It may be crystallised 
from alcohol in prisms, which contain Aq. Narcotine, like morphine, is almost 
insoluble in water, but, unlike that base, it dissolves in ether, which will extract 
it from powdered opium, leaving the morphine. Narcotine is insoluble in potash. 
It is a very weak base, not alkaline, dissolving in acids, but not forming well- 
defined salts. It has a narcotic effect, but is not nearly so poisonous as morphine. 
Opium contains usually about i per cent, of narcotine, and the presence of this 
drug is more easily detected by testing for narcotine than for morphine, on ac- 
count of the solubility of the former in ether. The material to be tested is 
extracted with ether, the latter evaporated, the residue dissolved in dilute HCl, 
and a little euchlorine-water added (made by adding strong HCl to a weak solution 
of potassium chlorate till it has a bright yellow colour, and adding water till it 
is pale yellow) ; this^ produces, with narcotine, a yellow colour in the cold, 
becoming pink on boiling and adding more of the euchlorine-water. Narcotine 
was the first base extracted from opium. 

When narcotine is heated with water to 250° 0 ., it yields much trimethylamine 
A(CH3)3. When heated with bydriodic acid, it yields methyl iodide and nor- 
narcotine, C,gH„NO,_; hence, narcotine is trimethyl nornarcotine. The mono- and 
m-methyl nornarcotines have been obtained by heating narcotine with -HOI. When 
with water, narcotine is decomposed into a new base, cotarnine, 
'GiitlisNOj. Aq, which is soluble in water ; and meconine, C,oH,(,Oj, which is sparingly 
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soluble in water, and has some of the properties of an alcohol. It is contained 
in opium to the amount of rather less than i per cent. This decomposition of 
narcotine is expressed by the equation C22Hj3NO,= Oj2H,3N03+C,(,H,oO^. 

Opianic acid, CjjHijOj, is obtained, together with cotarnine, when narcotine is 
oxidised by manganese dioxide and sulphuric acid, or by dilute nitric acid. It 
crystallises in sparingly soluble needles, and, when heated with potash, yields 
meconine and the potassium salt of another crystalline acid, liemipinic acid; 
CiftHjjOr, ; 20,„H,(|05 + 2KOH = CjjHgKjOg + + 2H„0. These two acids appear 
to be derivatives of protocatechuic (dihydroxybenzolc) acid, CgH3(OH);’Cp„H 
(P- 589)1 hemipinic acid being carhoxylated dimethyl proto-catechuic 'aad, 
C6H„(0'CH3)2(C02H)2, while, in opianic acid, the aldehyde group replaces a car- 
boxyl group, C3H2(0'CH3 )o”CH0‘C02H. 

Tliebaine, C,gH2,N03, is" contained in opium in small proportion ; it remains in 
the solution from which the hydrochlorides of morphine and codeine have crys- 
tallised. This solution is mixed with ammonia, which precipitates thebaine 
together with some narcotine ; the precipitate is dissolved in a little acetic acid, 
and the narcotine precipitated by tribasic lead acetate. The lead is precipitated 
from the filtrate by dilute sulphuric acid, after which ammonia is added to pre- 
cipitate the thebaine. This alkaloid, like morphine, is insoluble in water, but 
dissolves in alcohol and ether, and crystallises in plates. It is insoluble in alkalies. 
Its alcoholic solution is alkaline. Thebaine gives a blood-red solution with 
strong sulphuric acid. When heated with hydrochloric acid, it yields an iso- 
meride, thebenine, which gives a blue colour with sulphuric acid. Thebaine is 
very poisonous, producing tetanic convulsions. 

Narceine, C23H2gNOg, remains in the solution from which the thebaine and nar- 
cotine have been precipitated by ammonia. This is mixed with lead acetate, to 
precipitate the rest of the narcotine, filtered, the lead removed by sulphuric acid, 
the filtrate neutralised by ammonia, and evaporated, when the narceine crystal- 
lises, leaving meconine in solution, which may be extracted by shaking with ether. 
Narceine crystallises from water in prisms with 2Aq ; it is soluble in alcohol, but 
not in ether. It is a narcotic poison. Iodine colours its solution blue. 

Papaverine, OjgHjjNO^, is contained, in small proportion, in the precipitate pro- 
duced by excess* of ’potash in the aqueous solution of opium. The precipitate is 
dissolved in ether, and shaken with dilute acetic acid ; the lower layer then con- 
tains the acetates of narcotine, thebaine, and papaverine ; these are again pre- 
cipitated by potash, and treated with oxalic acid, which leaves the acid papaverine 
oxalate undissolved. Papaverine is sparingly soluble in water, but dissolves in 
hot alcohol and ether. It gives a violet-blue solution with strong sulphuric acid. 
Its poisonous properties appear to be feeble. 

577. Cinchona-alkaloids. — The plants of the natural order Ginchona- 
cecB are remarkable for their medicinal properties. Conspicuous among 
them are cinchona, which furnishes quinine; the coffee-t/ree, which yields 
caffeine ; and the ipecacuanha, which produces emetine. 

Cinchona, or Peruvian bark, is obtained chiefly from the districts 
around the Andes, and owes its valuable febrifuge qualities to the 
presence of certain alkaloids, of which the most important are — 

Quinine . . . O20H24N2O2 Cinchonine . . G,gH22N20 

Conquinine . . CjgHjiNjOj Cinchonidine . . 0,gH22'N.rO 

Quinamine . ’ . CjgHjjNjO, 

Of these, quinine and cinchonine are by far the most important. The 
different species of cinchona yield a bark containing these alkaloids in 
different proportions. The yellow bark yields from 2 to 3 per cent, of 
quinine, and only 0.2 or 0.3 of cinchonine ; the rec? bark, about 2 per cent, 
of quinine and i per cent, of cinchonine ; and the pale or grey bark, 
about 0.8 per cent, of quinine and 2 per cent, of cinchonine. The alka- 
loids exist in combination with quinic acid and with a variety of tannin 
known as quinotannic acid. 

Quinine, is prepared by boiling the bruised bark with diluted 

hydrochloric acid, and mixing the filtered solution with lime diffused 
through water, until it is alkaline. The precipitate, containing quinine, 
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cinclionine, and colouring matter, is filtered off and boiled with alcoliol, 
which dissolves both the alkaloids, leaving the excess of lime tindissolved. 

A part of the alcohol is then recovered by distillation, and the solution 
neutralised with sulphuric acid, boiled with animal charcoal till decolor- 
ised, and filtered. On standing, quinine sulphate crystallises out, leaving 
the cinchonine sulphate in solution. The quinine sulphate is dissolved in 
water, and decomposed by ammonia, which precipitates the quinine. 

Quinine crystallises in prisms containing 3 Aq, which require 1900 
parts of cold water for solution ; it dissolves easily in alcohol, ether, 
and chloroform. Its solutions are alkaline, and bitter. It appears to 
be a tertiary di-amine, because, when heated with the iodides of alcohol 
radicles, it yields iodides which furnish ammonium bases when decom- 
posed by silver hydroxide ; thus, methyl iodide gives CH3I, 

which yields the alkaline hydroxide, OjpHj^NjOj'CHj'OH. • 

Quinine is characterised by exhibiting a beautiful \)\vlQ jluorescenca 
when dissolved in dilute sulphuric acid, and by producing a fine green 
colour when its dilute acid solutions are mixed with a little chlorine- or 
bromine- or euchlorine- water (seep. 757)> afterwards with ammonia. 
The green colour is due to the thalleiochin, formed by the I’eaction — 
C^H„N„0„ + NH3 + = C3oH„,N30„. 

Quinine is a di-acid base, but it sometimes forms salts in. which it is 
monacid; there are two hydrochloiudes ; CjgHojNjOj.aHOl is converted 
by water into OjoHo^HjO^.HCl, which crystallises in needles of the for- 
mula 2(03oH3,KPj.H01),3Aq. 

Normal quinine sulphate, 0j(|B[j,Nj03.H3S0^.7Aq, is soluble in ii 
parts of cold water, but the basic sulphate, (Cj3HjjNj0„).H2S0^.8Aq, 
requires 780 parts of cold water to dissolve it. This’ is the quinine salt 
generally used in medicine ; it forms very light silky needles, which 
dissolve easily in. dilute sulphuric acid, forming the acid sulphate, 
OjjHjjhTjOj. (112804)2. 7 Aq, which is very soluble. 

Quinine is very slightly soluble in potash, and sparingly in ammonia, 
though it is more soluble in NII3 than is any other cinchona alkaloid. 
.,If normal quinine sulphate be dissolved in strong acetic acid, warmed, 
and an alcoholic solution of iodine added gradually, thin rectangular 
plates are deposited on cooling, having the formula — 

(C23H2,N202)4.(H„S04)3.(HI)2.l4.6H„0.. 

These crystals [herapathite, or artificial tourmaline) are bronze green by 
reflection, but transmit light of a pale olive colour, which is perfectly 
polarised, like that transmitted by tourmaline, so that, if another plate 
be laid upon the first, no light is transmitted when their principal axes 
are at right angles, 

Quinidine, or conquinine, is isomeric with quinine, and is extracted 

from a brown substance called quinoidine, or amorphous quinine, which is obtained 
from, the mother-liquors of quinine sulphate and is sold as a cheap substitute for 
quimne. It is also ^ obtained in quantity from some of the inferior varieties of 
cinchona, such as Cinchona cordifolia, which yields the Carthagena bark. Quin- 
idine forms larger prismatic crystals than quinine, and these contain only zAq, 
Its salts are more soluble than those of quinine, and they are strongly dextro- 
rotatory for polarised light, whilst those of quinine are Isevo-rotatory. 

Quinicme, also isomeric with quinine, is formed by heating quinine or quinidine 
with dilute sulphuric acid to 130 ° C, It is resinous, but its salts crystallise. Its 
solutions are feebly dextro-rotatory. 

(7inc^onine, OjjHjjNjO, remains as sulphate in the mother-liquor from quinine 
sulphate (V.S.), and may be precipitated by ammonia. It is almost insoluble in 
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water, and sparingly soluble in alcohol. Ether scarcely dissolves it, and is used 
to distinguish it from quinine. It crystallises from hot alcohol in anhydrous 
prisms, which have an alkaline reaction. The salts of cinchonine are more 
soluble than those of quinine, and give a much more voluminous precipitate with 
ammonia, which is insoluble in a large excess, and is not cleared up by shaking 
with ether, as in the case of quinine. 

Cinchonine sulphate, (C,gH22N20)2.H2S0^.2Aq, fuses when heated, evolving an 
aromatic odour and becoming, red. Solution of cinchonine sulphate is less 
strongly fluorescent than one of quinine sulphate. Cinchonine also differs from 
quinine in yielding solutions which are 'strongly dextro-rotatory for polarised 
light. Cinchonine itself may be partly sublimed .by a gentle heat, which is 
not the case with quinine. 

Cinchonidine is isomeric with cinchonine, but is strongly Imvo-rotatory, 
Cinchonicine, another isomeride, resembles quinicine in origin and properties. 
When quinine, cinchonine, and the bases isomeric with them are fused with 
potash, they yield the quinoline bases, indicating that they are closely connected 
with quinoline. The tarry odour on heating cinchonine is probably due to 
these. 

Emetine, Cj^H^oNoGj, is a little-known base extracted from the root of Cepliaelis 
ipecacuanha, a cinchonaceous plant much used in medicine. 

578. Strychnos-alhaloids. — Strychnine and brucine are obtained from 
nucc-vomica, the seeds of the tropical plant, Strychnos nuxrvomica, from 
false angostura hark,* which is the bark of the same tree, and from 
Ignatia amara, or St. Ignatius' bean. ITux- vomica, or crow-fig, contains 
about I per cent, of strychnine and i per cent, of brucine. 

Strychnine, is extracted from the crushed seeds of nux- 

vomica by boiling them with very dilute hydrochloric acid. The splu- ' 
tion is mixed with milk of lime, and the precipitate filtered off and boiled 
with alcohol, which dissolves the strychnine and brucine, and deposits 
the strychnine first when evaporated. The mother-liquor is neutralised 
with nitric acid, when strychnine nitrate crystallises out, leaving brucine 
nitrate in solution. 

Strychnine crystallises in rhombic prisms, which -require 7000 parts 
of water for solution. It melts at 269° 0 . It is insoluble in ether and 
in absolute alcohol, but dissolves in dilute alcohol. It is very soluble 
in chloroform, which is the best agent for collecting it from aqueous 
solutions. Its intensely bitter taste is very remarkable, and may be 
imparted to one million parts of water (one grain in fourteen gallons). 
Its alcoholic solution is alkaline, and it is a monacid tertiary base, com- 
bining with methyl iodide to form strychnine-methylium iodide, 
NjOjjHgjOj.OHgl, which yields the corresponding hydroxide base when 
decomposed by AgOH. But this ammordum base is not bitter, nor 
poisonous unless injected under the skin, when it induces paralysis. 
Strychnine is extremely poisonous, giving rise to tetanic convulsions. 
Potash precipitates strychnine from its solution in acids, and an excess 
does not dissolve it ; the precipitate by ammonia dissolves in excess, 
but the strychnine crystallises out after a time. The smallest particle 
of strychnine may be identified by dissolving it in strong sulphuric acid 
and adding a minute fragment of potassium dichromate, which produces 
a fugitive blue-violet colour. When strychnine is warmed with dilute 
nitric acid, it gives a faint pink solution, which becomes scarlet on 
adding a particle of powdered potassium chlorate ; ammonia phanges 
this to brown, and, on evaporating to dryness, a green residue is 

True angostura bark is obtained from Galipea officinalis and G. ciisparia, belonging 
to the order Eutaceae. It is used as a febrifuge. 
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obtained, wbicb dissolves in vrater to a green solution, cbanged to orango 
by potasb, and becoming green again with nitrio acid. Euchlonne- 
water (p. 757), or bvomine-watei', added to a solution of sti'ychmnc 
in bydrocbloric acid, gives, on boiling, a line red colour, bleached by 
excess, and returning •when boiled. 

Brucine, is precipitated by potash from the solution of brucine 

nitrate obtained in'the extraction of strychnine. It is more soluble m water and 
alcohol than strychnine is, and crystallises in prisms with 4 Aq. Like atrychnlno, 
it is nearly insoluble in ether. It is intensely bitter and strongly b.asic. Aitnc 
acid dissolves it with a fine red colour, which becomes violet on adding .st.annous 
chloride. Both strychnine and brucine yield quinoline bases when distilled with 
potash ; indicating their relationship with quinoline. The proportion or methyl 
alcohol obtainable from brucine by distilling it with MnO. and H-SO, sliow.s that 
it contains afOCH,) ; it may, therefore, be regarded ns dimctboxy-strychnine. 

579. Aconitine, is extracted from the root of Aconitnm napeUus, a 

plant of the Eaminculaccous or Buttercup order, known as vxouh'n hood. Hue rocJ:c(, 
and tcolf’s lane. The root has often been .scraped and eaten by mistake for horfc- 
radish {Cochlearia armoracia, a cruciferous plant), but the two roots arc rc.ally 
very unlike, and the scrapings of monk’s hood become pink when exposed to air, 
while those of horse-radish remain white. To extract the aconitine, the scraping.s 
of the root are boiled vith amyl alcohol ; the solution is shaken witli _dil. 
which extracts the aconitine, and the aqueous liquid is neutralised with Na,CO,. 
The aconitine thus precipitated is crystallised from cilior. It may be crystallised 
from alcohol in plates which arc anhydrous (m. p. iSS° C.), and forms well defined 
salts. Aconitine is one of the most poisonous alkaloids, and, as yet, no tnist- 
worthy chemical test for it is known, so that the toxicologist is obliged to place 
a little of the suspected substance on the tongue, when aconitine produces a 
numbing, tingling feeling, lasting for some time. When heated with potasb, 
' aconitine yields potassium benzoate and aconine, C„5H„NO„. 

Pseudaconitine, is a poisonous alkaloid obtained from Aconitiimfcrox, 

an Indian plant of the same natural order. Pseudaconitine crystallises with a 
molecule of water. Heated with potash, it yields pscudacaninc, Cj-H^NO^, and 
the potassium salt of dimethyl dihydroxj’benzoic (or dimethyl protocatcchuic) 
acid (p. 758). 

The preparations sold as aconitine arc often impure bases of very variable 
' quality. 

Veratrine, is extracted from the root of white hellebore [veratrum 

alhuni), and from the seeds of veratrum sahadilla, plants of tlie natural order Col- 
chicaccEe, The alkaloid is present in very minute quantity. It is extracted by 
digesting the root with alcohol containing a little tartaric acid, evaporating the 
alcohol from the filtered solution, dissolving the residue in water, liberating the 
alkaloid by caustic soda, and shaking with ether, which dissolves it. The ethereal 
layer leaves the alkaloid when evaporated. Veratrine is characterised by its 
power to cause violent sneezing when a particle of the powder is drawn into the 
nose. It dissolves in HCl, and the solution becomes red when gently heated. 
Strong H„SO^ gives a yellow solution passing into carmine-red, and becoming 
purple with bromine-water. (Jevadine, Cj^H^^NOp, is another alkaloid which 
^uses sneezing, and is extracted from Cevadilla seeds ( Veratrum sahadilla), 
eratralhne, ; jervine, pseudojervinc, O^H^NO, ; and ruhi- 

jervine, are also extracted from the Veratrums. These plants are 

cmeny used for poisoning vermin, 

Beheerine, CjgHjjNOj, is extracted from the bark of the bibiru-tree, a tree of tiie 
Lamel order, which grows in British Guiana, and yields the qrcen-heart wood 
used in ship-building, because it resists the attacks of marine animals. It 
rn soluble in alcohol. The sulphate, 

IS sometimes used in medicine instead of quinine sulphate. 
Perbenne, is obtained from the root of the barberry (Berberis vul- 

garis), ana iiom calumha-ioot {Cocculus palmaius) and false calumba-root (JJiejn'- 
spermum fenestratum), both belonging to the Menispermacem. Berberine crystal- 
yellow needles wth 6Aq, and forms yellow salts. It is solubje in water. 
5So._ Gocatae C„Hj,NO„ is extracted from the leaves of Erythroxylon coca, a 

containing Aq, and dissolves 'in 

alcohol, it IS used in ophthalmic affections. 
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Physostigmine, or eserine, CisHjiNjOj, is obtained from the Calabar bean, the seed 
of a Papilionaceous plant. It is sparingly soluble in water, but dissolves in alco- 
hol, is strongly alkaline, and very poisonous. It has the property of contracting 
the pupil of the eye. 

Colchicine, Cj^Hj^NOg, occurs in meadow saffron, Colchicum autumnale (belonging 
to the same order as the Veratrums) ; much used as a remedy in gout. It is a 
very feeble base, soluble in water and alcohol, and does not crystallise. 

Cytisine, C„H,jN20, is the poisonous alkaloid contained in the seeds of Cytisus 
lahurnnm, a Papilionaceous plant. 

Chelidonine, CogHjgNO,, has been extracted from celandine {Chelidonium majus), 
a plant of the Poppy order. 

Delphinine, is the poisonous alkaloid contained in larkspur or staves- 

acre (Delphinium staphisagria), the seeds of which are used for destroying vermin 
(aconite belongs to the same order). 

Pilocarpine, 0„H,gN20„, is extracted from the leaves of Pilocarpius pennatifolius, 
a plant of the Rue order. The base itself is not crystalline, but the hydrochloride 
and nitrate are crystalline salts, which are used in medicine. 

Jahorandine, CjgHjoNoOg, is another alkaloid obtained from the same source. 

PHYSICAL PEOPEBTIES OE OBGANIO COMPOUNDS. 

581. In investigating the chemical structure of the molecules of 
organic bodies, much assistance is derived from the observation of their 
physical properties, among which the following are the most important : — 

(1) The fusing point of a solid, the toiling point of a liquid, and the 
specific gravity of a vapour. 

(2) The specific volwme of a liquid, obtained by dividing its molecular 
weight b}’’ its specific gravity (calculated for the temperature at which 
the liquid boils). 

(3) The optical properties oi a liquidi, ov of a solid body in. solution ; 
especially the action on polarised light, the refractive ponder, the absorp- 
tion spectrum, and the magnetic rotatory power deduced from its action 
on a ray of polarised light when under the influence of magnetism. 

582. Fusing points op organic compounds. — In order that a solid may fuse, 
it must first attain to a degree of temperature, called the fusing point of the solid, 
and must then have a certain amount of motion imparted to its molecules by the 
transformation (into motion) of an amount of heat which is termed latent heat or , 
heat of fusion. This motion enables the molecules to circulate more or less freely 
among themselves, and to extend themselves in a horizontal plane. 

The fusing point, as indicated by the thermometer, therefore, is the temperature 
at which the molecules become capable of converting the heat subsequently 
acquired into the motion proper to the liquid condition. This temperature will 
depend upon the constitution of the molecules, which regulates their relation to 
adjacent molecules. 

If the cohesion which limits the motion of molecules in a solid mass be similar 
in character to the gravitation which limits the motion of masses of matter, it 
will be greater among those molecules which have the larger mass, that is, the 
highest molecular weight, and these should have the highest fusing points, since 
a larger amount of progressive motion (or temperature) must be imparted to them 
to render them capable of acquiring the freedom of motion proper to the liquid 
condition. But it is by no means true that the fusing point is always higher 
when the molecular weight is greater; for palmitin, with a molecular weight of 
806, fuses at 63° C., while urea, with a molecular weight of 60, fuses at 130° C. 
It may be stated, however, that in the case of homologous series, the fusing 
point generally rises as the molecular weight increases ; thus the paraffin and olefine 
hydrocarbons are liquids until they contain sixteen atoms of carbon. The sub- 
stitution of Ho for H tends to raise the fusing point, so that the paraffin alcohols 
containing more than seven carbon-atoms are solids, and this is also the case with 
the aldehydes. 

The acids derived from the paraffins exhibit remarkable anomalies ; the fusing 
point of acetic acid, CHj' COM, being 17° C.; that of butyric, CH 3 (CHo) 2 ‘ COM, 
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o”C.; valeric. CH,(CH,),*COJI, below - 

SSS S?® « i S'S 

m (Ot) -CM ““T4- wSSa “£ itfaf'c'S ?r‘t.S„ 7 p'.lnt oi 
?Sic ad cSchS that of palmiiic, CII,(C 1 L)„- C 0 , 1 I. 

In the case of the metameric paraffin derivatives the fusing point is gcnerallj 
higher in those compounds which contain most carbon in the form of GIL ; tin s, 
pseudo-valeric or tertiary valeric acid, C(CH,VCO;n, fuses at about 34 C., whilo 
Lrmal valeric acid, CH,(CHj,-CO,H, fuses below - f C. Again ternary but? 1 - 
alcohol, C(CH3 )j-OH, fuse's at 25° 0 . ; and normal butyl-alcohol, CHjfCIl;), OU, is 

liquid even below 0° C. ... , r 

In the benze’ne-hydrocarbons, the substitution of Oil, for II raises the fusing 
point; thus, toluene, CA-CH.^ and xylene, C.H,{CH,),, arc liquids; bntdiircnc, 
C.HJCH,),, fuses at So° C. In these also, when they have the same molecular 
weight, the fusing point rises with the number of methyl groups directly united 
to carbon ; for example, amvl-tolucne, CjH.' CHj(CIIj),, is liquid, while hexatnclliyl- 
henzene, C,(CH,),, is solid, fusing at 150“ 0 . Even in compounds which arc 
strictly isomeric, the position of the component radicles^ will nficct the fusing 
point, the para-compound having generally the highest fusing point ; thus, ortho- 

xvlene, C=C— 0 = 0 — G=C, and meta-xylene, C:::C --C:::C— C=:C, arc liquids; 
1 1 -H H H il 1 H- 1 H H H 


GH3OH3 


GH, • GH, 


but para-xylene, G:^C — C— G — C— 6, is a solid fusing at 15° C. 
1 H H I H H 


GH, 


GH, 


583. Boiling POINTS of organic compounds.— The boiling point of a liquid is 
that temperature at which its molecules are capable of converting heat into motion 
sufficient to enable them to overcome entirely the attraction holding them to each 
other, and to extend themselves in all directions through space. Under ordinary 
conditions, their extension is impeded by the pressure of the atmosphere upon 
the surface of the liquid, so that,, for experimental work, the boiling point is that 
temperature at which the molecules are capable of acquiring sufficient motion to 
overcome a pressure of 760 millimetres of mercury (at 0° C.). Since the boiling 
point refers to a certain standard of external work, it exhibits a more definite 
relation to the constitution of the molecules.than is the case with the fusing point. 
In homologous series, the boiling point increases with the molecular weight, but 
the increase due to each addition of CH, varies in different series. It is most 
nnifom in the normal primary alcohols of the paraffin series (p. 548), where each 
addition of OH^ increases the boiling point, on the average, by 19.5° C. In the 
series of aldehydes derived from these alcohols (p. 564), the increase in boiling 
point is also fairly regular, but it averages 26.2° for each addition of CH„. In the 
corresponding acids, the increase is much less uniform, but the average increase 
is a'bout 19°.. In the single ketones (p. 605), the mean increase in boiling point for 
each OHj added is 20,5°. In the simple ethers, the increase is 26°. 

In the homologous series of hydrocarbons, the increase in boiling point for each 
addition of CH„ is irregular, but generally diminishes as the number of carbon- 
atoms increases. Those hydrocarbons of the paraffin and’olefin series which contain 
the same number of carbon-atoms exhibit a similarity in their boiling points ; — 
Paraffins 37° 0 „H„ dp" C,H„ 98“ G^H.^ las'- 288“ 

Olfnes. 3 S CeH,, 69° G,H„ 99° O^H,^ 123“ G„H33 275“ 

ine isologous hydrocarbons of the acetylene series have higher hoiliner points, 
and those of the behzenes are higher still 

^cefyZenes' C3H3 45“ C„H,„ 80“ C,H,„ 106° G,H„i33“' 165“ 

benzenes ... 8o-i“ C^h'; 111” gX 196^ 

^ conveysion.of the pargffin hydrocarbons into 

mcohols increases the boiling point greatly, but in a ratio which decreases in nearly 
tne same -proTiortion in which thp. mninnnin,. 


! propprtion in which the moleculai^ weight of the alcohol increases— 
Sydrocarhons aH,„ 37° 69° C,H,„ 98° 0 ,H,„ . i24'> 

■ 137° C^H^O 157'- . 170° 0 ,H *0 19?'’ 


Alcohols 
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A similar increase in boiling point is produced by the substitution of HO for H 
in the conversion of an aldehyde into an acid — 

Aldehydes . C^H.O 20.8° CgH.O 48° O^HgO 74° CjHioO 103° 

Acids . CjH.Oo 118.3° C3H<,0„ 140.7° C.HgO^ 162° 186° . 

Metameric bodies which belong to the same class often have nearly the same 
boiling points — 


Propione 

. 02H3-C0'0„H3 . 


B. P. 

101° 

Methyl-propyl ketone . 

. CHj-CO-C.H, . 

• • 

102° 

Methyl-butyl ketone 

. CH3-C0-C,H3 . 

• • 

127° 

Propyl-ethyl ketone 

. C3H/C0-C2H3 . 

• • 

128° 

Ethyl formate 

. 0„H-CH0„ 

• « 

55° 

Methyl acetate . . . CHj-CoHjOj . . 

But this is not the case when they belong to different classes — 

56° 

Methyl-ethyl ketone 

. CH3-C0-C2H3 . 

• • 

81° 

Methyl-allyl ether . 

. OH3-OC3H3 . 

. • 

46° 

Propione 

. CjHs-CO-aH^ . 

• » 

101° 

Ethyl-allyl ether . 

. 0.H3-0-C3H3 . 

• 

67° 

The ethereal salts have lower boiling points than the acids which are metameric 
with them — 

Methyl formate 

. CH3-CH0„ 

• ■ 

36° 

Ethyl formate 

. 0„H3-CH6„ 

• • 

55° 

Acetic acid . 

. H' C2H3O, ■; 

• t 

118° 

Propylio acid . 

. H-C3H30’ . . 

• • 

140°. 7 


In the isomeric hydrocarbons, the normal compound has the highest boiling 
point, which falls as the number of methyl groups increases ; thus, normal butane, 
H3C(CH2)2CH3, is liquefied at 1° C., while iso-butane, H3C'CH(CH3)'CH3, remains 
gaseous till - 17° 0. 


Pentanes, CjHij. 

Normal 

H3C(CH2)3CH3 . 

H3C-CH20H(GH3)-CH3 

B. P. 

. 38° 

Iso- 

. 30° 

Neo- 

(H3C)2C(CH3)2 . . 

• 9-5 

Hexanes, O.H,,. 

Normal 

H3C(CH2),CH3 . . 

. 69° 

Iso- 

H3C(CH„)„0 H(CHs )2 . 

. 62° 

Neo- 

(H3C)2(CH)2(CH3)2 . 

. 58° 

Tri-methyl-ethyl methane 

(H3C)3C(C2H3) . . 

• 45° 

Heptanes, O.Hig. 

Normal 

H3C(CH2)3CH3 . . 

. 98“-4 

Iso- 

H3C(CH43CH(CH3)2 . 

. 91° 

Tri-ethyl methane . 

(CH2-CH3)3CH . . 

. 96° 

Di-ethyl-di-methyl methane . 

(CH„ CH3)2C(CH3)„ . 

. 87° 


It is evident that the boiling point is lowered, in these isomeric hydrocarbons:'' 
by the substitution of ethyl and methyl for hydrogen, and is lowest in those co:^‘jjl 
pounds in which the carbon is united to the compound radicles only. The sani'r-' 
tendency is observed in the isomeric olefines ; thus — 

Amylene , . . HjCCCHoljCH : CH5, boils at 73°, and 

Iso-amylene , , (H3C)2C : CH(CH3) „ 35°. 

Isomeric alcohols. — The normal primary alcohols have the highest boiling points,' 
then come the iso-alcohols, while the secondary and tertiary alcohols have the 
lowest boiling points. 

Propyl alcohols, CjHj'OH. B. P. 

Normal primary . . . HsO'CHo’CHo’OH , . 97°.4 

Iso- {H3C)„-CH-0H . . . 83° 

Butyl alcohols, C.Hg'OH. 

Normal primary . . . H3C(CH„)„CH„‘0H . . 117° 

Iso- (H3C)2CH'CH;-0H , . io6°.6 

Secondary .... H3C-UH„-CH(0H)CH, . 99° 

Tertiary Iso- .... HjC'CCCHJj-OH . . ’ 83° 

Amyl alcohols, C.H,,-OH. 

Normal primary . . . H3C(CH2)jOH2‘OH . . . 137° 


a-Iso. . 

• • 

a-Secondarj- 

Secondary iso 
Tertiary iso- . 

Hexyl alcohols, CcH,j‘OH. 
Normal primary . 
a-Secondary . 
Diethyl-methyl carbinol 
Pinacolyl alcohol . _ . 
Dimethyl-propyl carbinol 
Dimethyl-isopropyl carbinol 


kc-CH.-OH-Cn'ClDCH,. 

h’c-ch.-ch(oii)-c]L-cii5 
(ii,c),ciDcn(0U)CH, . 
ll,0'CID-C(CH,)-.-OII . 

H*C(CH:),CH( 0 H)-CII, . 
(aHOj-C(OH)CH, . 
(H;C),-C-CH{ 0 H)UH, . 

H C)!-C(OH)(CH,),-Gll 3 . 


130-5 

128" 

119'’ 

117'’ 

ioG“ 

102“ 

157“ 

123 

120°.' 

” 5 :' 

T13’ 


Isomeric aldehydes. 
points. 

Butyric aldehydes, GjH.-GHO. 
Normal .... 
Iso- .... 
Falen'c aldehydes, GjHj'GHO. 
Normal .... 
Iso- 


Here, also, the normal compounds have the highest boiling 


H,G(GH,).-GHO 
(H,C)»Gil-G 110 

H,G(GIU,GH 0 
{H,G):Gri-CIH-GHO 


B.r. 

7-f 

64’ 

103'’ 
92 * -5 


ISO- ..... . — , ... 

Isomeric acids.— These exhibit a similar relation in tlieir boiling points. 


Butyric acids, CjH.'COjH. 
Normal . . • , . 

Iso- .... 
Valeric acids, G^Hg-CO.H. 
Normal .... 
Iso- . . . . 

Methyl-ethyl-acetic acid 
Trim^thyl-acetio acid . 
Orotonic acids, GjHj-COjH. 
Crotonic 
Iso- 


H,C(GH 4 --COdI . 
(HjO.GH-GOjI 

H,C{CH,)yCO.H . 
(H3C)„GH-C11:-C0„1I 
H,G-ClD-GH(CHj-GO„H 
(ll3G)j-G‘-GOiH 

HjG-GHiGH'GOJI 


n.r. 

1 62” 
* 53 “ 

186“ 

176“ 

177“ 

163“ 

185“ 

172° 


. h:g:ph-gh,-go,h 

584. Influence of ]}osition-isomcr ism on the loiling point . — When any other element 
or group is substituted for hydrogen in an organic compound, the boiling point is 
raised, and if more than one atom of hydrogen be replaced, the boiling point, in 
the isomerides thus produced, will generally be higher where the substituting 
radicles are at the greatest distance from each other. Thus, othylideno dichloridc, 
HjO'OHCh, boils at 58 ° ; whilst ethene dichloride,' GlHjC ‘GIDOl, does not boil till 
85°. Again, dibromopropane, HjG'CBro’GHj, boils at 114'’; propone dibromide, 
HsO-OHBr-CH„Br, at 142°; and trimethene dibromide,BrH;G-CH„-CH„Br, atabovo 
160°. Ortho-cresol, GaH4GH3-OH (i ; 2), boils at igo° ; meta-cre'sol (i : 3) at 195°; 
andpaTa-cresol(i : 4) at 198°. Ortho-chloraniline, CrHiCl'NIl/r : 2), boils at 207°; 
meta-chloraniline (i -.3) at 230° ; and para-chloraniline (i 14) at 231°. Diamido- 
toluene, 03H,(CH3)(NH,.,)„(i : 2 : 3I, boils at 270° ; and (i : 2 ; 4) at 280°. Further 
investigation of the boiling points of isomerides is necessary fully to establish this 
law. 

585. Specific volumes op oegaeio liquids, - It has been seen that the 
specific volumes of the vapours of organic compounds, obtained by dividing the 
molecular weight by the vapour-density, are in all cases alike ; but this is not the 
case with the specific volumes of liqiiids, which depend upon the attraction exerted 
between their molecules, which must of course vary with the nature of the mole- 
cules themselves. ^ Since, at their respective boiling points, all liquids are in a 
similar condition in regard to the further effect of heat upon them, it might be 
expected that their molecular weights, divided by their specific gravities (at the 
boiling point), would yield quotients bearing some definite relation to each other, 
since these quotients represent the moleendar volumes of the compounds in the 
liquid state (at the boiling point); that is, the relative (or specific) volumes 
within which the motions of each molecule are restricted, or the space which each 
molecule keeps free from other molecules. 

The molecular volume of water, calculated in this way, is 18.8 ; that of methvl 
alcohol is 42. Then CH^O - HjO = CHj ; and 42 - 18. 8 = 23. 2, which is the increase 
in molecular volume, due to the addition of CH„ to H„ 0 . The molecular volume 
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of ethyl-alcohol is 62.5, or highfer than that of methyl-alcohol by 20.5, which 
represents the increase due to CH„. The molecular volume of acetic acid is 64, 
and that of formic acid 42, giving 22 as the increase due to ‘ 011 ;. The mean 
of the three values is 21.9, and this is almost exactly the difference in the mole- 
cular volumes calculated for the. homologous acids, from formic to Valeric. The 
molecular volume appears to depend upon 'the number and nature of the atoms 
contained in the molecule, rather than upon their grouping ; thus, ethyl-acetate, 
CoHj'C.HgOj, has the same molecular volume as its metameride, butyric acid, 
H0'04H,0. Octane, CgH,s, has a molecular volume=i87, and if we deduct from 
this (0112)8=176, the difference, ii, represents the molecular volume of H., 
giving 5.5 for the atomic volume of hydrogen. Cymene, C,8H,4, has the molecular 
volume 187, which differs from (CH.lj.or 22 x 7, by 33, which represents the increase 
in molecular volume due to C3, and gives ii for the atomic volume of carbon. 

By deducting the volume of (ir) from that of HjO (18.8), 7,8 is obtained for 
the atomic volume of oxygen. 

From these values the specific volumes of many molecules may be calculated 
and are found to agree very nearly with those obtained by dividing the molecular 
weight by the specific gravity of the liquid- at its boiling point; for example — 
Methyl alcohol, CH^O, gives 1 1 {5.5 x 4) -f 7. 8 = 40. 8 instead of 42 

Ethyl „ CaHsO II (ii X2)-t-(5.5x6)-t-7.8= 62.S „ 62.5 

Ether „ CjHjoO „ (ii x 4) -{-(5.5 x 10) -(-7.8= 106.8, which is correct. 

Phenol „ CsHjO „ (ii x6)-t(s.5 x6)-f 7.8=106.8 n » 

But formic acid, GHjOj, the specific volume of which is 41.5, gives only 37.6 as 
the sum of i i-b (5. 5 x 2) -f (7.8 x 2). 

' Again, acetone, OgHgO, vsith a specific volume = 77.6, gives only 73.8 (which 
amees with that found for allyl-alcohol, also C,H„ 0 )by the addition of 

(iix3)-K5.5x6)-)-7.8. 

0 

II 

The structural formula of acetone is H,C— G — CH3, the oxygen being doubly 
linked to a carbon-atom, whilst in the alcohols, ethers, and phenols it is only 
singly linked to a carbon-atom. 

Deducting from the specific volume of acetone (77.6) that of CjHg (66), there re- 
mains 1 1.6 as the atomic volume of oxygen, when doubly linked to a carbon-atom. 

O * 

1 1 

Formic acid has the structural formula, HO — OH, so that it contains a singly 
linked and a doubly linked oxygen atom ; hence its molecular volume should be 
the sum of ii -f (5.5 x 2) -f 7.8 -MI. 6 =41.4, which is very nearly correct. 

Acetic acid, H3C(C:0)0H, gives (5.5x4)-f(ii x 2 )-i- 7 . 8 -f 11.6 = 63.4, instead 
of 63.6. 

Aldehyde, H3C(0:0)H, gives 22-}- 22 -Ml. 6 = 55. 6, instead of 56.5, whereas if its 
formula were E„G' 0 'CH„, it would give 22 -b 22 -f 7.8= 51.8. 

The specific volume of an atom of nit-rogen singly linked to carbon, as in methyl- 
amine, H3C — NH;, is 2.3 ; but when trebly linked to carbon, as in methyl cyanide, 
H3C — 0 =N, its specific volume is 17. 

Sulphur, singly linked to carbon, has the specific volume 23 ; but when’doubly 
linked, it is 28.6. The specific volume of chlorine is 22.8, of bromine 27.8, and of 
iodine 37.5. 

Eecent experiments indicate many exceptions to the simple laws of specific 
volume here set forth. Thus, ethylene chloride, ClH.C.CHoCl, and ethylidene 
chloride, HjC'CHClj, which have the calculated specific volume, 89.5, give, by ex- 
periment, respectively. S5.34 and 88. 96, a difference too great to be ascribed to 
experimental errors. Benzene, and some other members of the aromatic group, 
also exhibit considerable deviation, the observed specific volumes being lower than 
those calculated. 

5S6. Optical peopbrties of organic compounds.— Since the phenomena of 
light depend upon the waves excited in the sether which fills the spaces between 
the molecules of matter, the motions of these molecules must exert an influence 
upon the optical properties of the substances which they compose. 

The molecular conditions which regulate the colour of compounds, by enabling 
them to absorb certain of the waves composing white light, and to reflect or trans- 
mit others, are not as yet understood, but colour is most commonly associated 
with high molecular weight. 
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Much attention has been devoted to the .comparison of the rc/racUvcjyouasoi 
liquid organic compounds, that is, to the amount of deviation from its original 
path which a wave of light suffers in passing through the liquid in any direction 
except that perpendicular to the surface. The full discussion of this subject 
requires the study of optics, but it may be stated that from tho_ amount of devia- 
tion is calculated the specific refractive poicer of the liquid, which is closely con- 
nected with the nature of its molecules. The molecular refractive cncrejtj, or 
refraction-equivalent, is found by multiplying the molecular weight by the specific 
refractive power. Compounds which have the same molecular weight and belong 
to the same or to nearly related classes of organic compounds, generally have 
nearly the same refraction-equivalent; thus, the number for methyl acetate, 


and paraldehyde, 52.5. In the homologous alcohols and acids derived 

from the paraffin hvdrocarbons, the refraction-equivalent increases by about 7.6 
for each addition o‘f CH;-, thus, acetic acid, C»H, 0 ,, having the refraction-equiva- 
lent 21. i, oenanthic acid should give 21. xi -{-(7.6 x s) = S9.i, which nearly agrees 
with that observed, 59.4. 

By a method similar to that explained in the case of specific volumes, the 
refraction-equivalents of the elements may be calculated, and they arc found to 
be, for carbon, 4.S6, for hydrogen, 1.29, for oxygen singly linked to carbon, 2.71, 
and for oxygen doubly linked, 3.29. From these numbers the refraction-equiva- 
lent of a liquid may be calculated from its formula, as in the case of its specific 
volume, and the result agrees very nearly, in a great many cases, with that ob- 
tained by experiment. But there is sufficient deviation to indicate that the 
grouping of the atoms, as well as their nature and number, inlluences the refrac- 
tion-equivalent. Thus, in the terpenes, the observed equivalent exceeds that cal- 
culated by the constant number 3, while in the benzenes the excess amounts to G. 
It would appear that when a carbon-atom is doubly linked to another carbon- 
atom, its refraction-equivalent is 5.86 instead of 4.86, so that the six doubly- 
linked carbon-atoms in the benzene ring would explain the excess in the refrac- 
tion-equivalent. 

When liquids having different-refraction-equivalents are mixed, the refraction- 
equivalent of the mixture is the sum of those of its constituents, so that the 
proportions in which these are present may be calculated. 

Polarised light, in which the mther waves all vibrate in the same plane, under- 
goes a change in its passage through some liquids, the plane of vibration being 
turned through a certain angle towards the right or left, so that an analgser or 
transparent crystal, through which the original polarised light failed to pass, has 
now to be rotated through a certain number of degrees to the right or left, in 
order again to become opaque to the polarised beam. The angle through which 
the analyser must be turned to eSect this is called the angle of rotation, and the 
bquid under examination is said to be dextro- ( -f ) or iceu'o- ( - ) rotatory accord- 
ingly as it is necessary to turn the analyser round in the direction of the hands of 
a watch or otherwise. This angle of rotation, in the case of any given substance 
varies directly as the strength of the solution, its specific gravity, and the length 
of the column of liquid through which the light passes. For different substances, 
the, angle of rotation also varies with the specific rotatory power, which is found by 
mviaing the angle of rotation by the product obtained by multiplying together 
the of the substance in one gramme of the liquid, the specific gravity of 

the liqum, aud the length of the column in decimetres. For example, a beam of 
polarised light was passed through a tube with glass ends, 0.50 decimetre long, 
nllea with turpentine, of specific gravity (at the temperature of the experiment) 

■ to turn the analyser 16° in the opposite direction to 

the hand of a watch in order to prevent light from reaching the eye of the ob- 
server. This would give for the specific (Imvo) rotatory power, ^ =36.7 

It is evident that if the specific rotatory power of a substance be known a cal- 
' this would give the weight contained in each gramme of the solution 

of sugar in ? 80^^^°°°'^'^^ mccliarimeter for determining the proportion 

This rotatory power is found most commonly in vegetable and animal products 
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From these observations it may be concluded that atmospheric, 
nitrogen is heavier than chemical nitrogen on account of the presence 
of about I per cent, of a gas which is chemically more inert than is 
nitrogen, and has a density of 20 compared with hydrogen. To signify 
the great chemical inactivity which characterises this gas, it has been 
termed (vrgon (a, without ; epyov, woi'Tc). 

It is as yet undecided whether argon is an element, a mixture of 
elements or (as some have suggested) an allotropic form of nitrogen. 
Its discoverers incline to the belief that it is an element, in which 
case its molecular weight is approximately 40. It is about 2^ times as 
soluble in water as nitrogen is, 100 volumes of water dissolving 4 
volumes of the gas at 14° 0 . It condenses to a colourless liquid at 
— 187° C. (its boiling point), and is solid at — tqo” 0 . ; its critical tem- 
perature is — 121° C., and its critical pressure 50.6 atmospheres. 

Since, on account of its chemical inactivity, no compound of argon 
has been obtained, its chemical equivalent, and therefore its atomic 
weight, has not been determined. 

The spectrum of argon is of two kinds, which throws a doubt upon its being 
an element, or at all events a single element. 

Determinations of the velocity of sound in argon have enabled Eayleigh and 
Eamsay to show that the ratio of the specific heat of the gas at constant pressure 
to that at constant volume is 1.66 : i. Now it can be shown by a mathematical 
calculation, based on the kinetic theory of gases, that when a gas has specific 
heats at constant pressure and at constant volume, which have this ratio to each 
other, the gas maybe assumed to consist of molecules which have no intra-molecular 
motion, and may therefore be supposed to be monatomic in character. This is 
the case with mercury vapour, which is also assumed to contain monatomic 
molecules on purely chemical grounds (p. 289). Gases which, for chemical reasons, 
are assumed to contain di- or poly-atomic molecules, are found to have a smaller 
ratio between their specific heats at constant pressure and at constant volume 
than that given above. It is, therefore, concluded that if argon be an element 
its molecules must be monatomic, in which case its atomic weight would be 
identical with its molecular weight, namely, 40. This atomic weight for a newly 
discovered element is difficultly reconcilable with Mendeleeff’s periodic table. 

The search for the new gas in a state of combination has led to the 
discovery of helium (p. 304) in terrestrial matter. The mineral cleveite 
(a uranate of lead, containing rare earths) has been reputed to evolve 
nitrogen when boiled with dilute sulphuric acid •, but an examination 
(by Eamsay) of the spectrum of the gas obtained in this manner 
revealed the presence of a yellow line, coincident with the absorp- 
tion line, having a wave length of 58 7 ’49 milhonths of a millimetre, 
ascribed to helium. At present nothing more is known of the gas. 
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USEFUL APPLICATIONS OF THE PRINCIPLES OP 
ORGANIC CHEMISTRY. 


DESTRUCTIS’^E DISTILLATION OF COjU:.. 

588. Much of the extraordinary process made by chemistry during the last 
half-century must he attributed to the introduction and great extension of the 
manufacture of coal-gas. No other branch of manufacture has brought into 
notice so many compounds not previously obtained from any other source, and 
above all, offering, at first sight, so very little promise of utility, as to press 
urgently upon the chemist the necessity for submitting them to investigation. 

Although many important additions to chemical knowledge have resulted from 
the labours of those who have engaged in devising the best methods of obtaining 
the coal-gas itself in the state best fitted for consumption, far more benefit has 
accrued to the science from investigations into the nature of the seconda^ pro- 
ducts of the manufacture, the removal of which was the object to be attained in 
the purification of the gas. 

Of the compounds of carbon and hydrogen, very little was known previously to 
the introduction of coal-gas ; and although the liquid hydrocarbons composing 
coal-naphtha were originally obtained from other sources, the investigation of 
their chemical properties has been greatly promoted by the facility with which 
they may he obtained in large quantities from that liquid. The most important 
of these hydrocarbons, hcnzole or lenzcnc, was originally procured from benzoic 
acid ; but it would have been impossible for it to have fulfilled its present useful 
purposes unless it had been obtained in abundance as a secondary product in the 
manufacture of coal-gas ; for, leaving out of consideration the various uses to 
which benzene itself is devoted, it yields the nitrobenzene so much used in per- 
fumery, and from this we obtain aniline, from which many of the most beautiful 
dyes are now prepared. 

The naphthalene found so abundantly in coal-tar possesses a peculiar interest, as 
having formed the subject of the classical researches by which Laurent was led to 
propose the doctrine of substitution, which has since thrown so much light upon 
the constitution of organic substances. 

_ We are also especially indebted to coal-tar for our acquaintance with the very 
interesting and rapidly extending class of volatile alkalies, of which the above- 
mentioned aniline is the chief representative, and for phenic or carbolic acid, from 
wmch are derived the large number of substances composing the phenyl series. 

ine retorts in which the distillation of coal is effected are made of fire-clay, 
generally having the form of a flattened cylinder, and arranged in sets of three or 
nve, Heated by the same coal fire or gas furnace (fig. 281). The coal is thrown on 
to He red-hot floor of the retort, as soon as the coke from the previous distillation 

as been raked out ; the mouth of the retort is then closed with an iron plate 

rises from the upper side of the front of the retort 
Soc ° -o i'rrnace, and is curved round at the upper extremity, which 

beside of a much wider tube, called the hydraulic main, running 
nf angles to the retorts, and receiving the tubes from all 

+iio erne, ‘or,/i V 1 ulways kopt half full of the tar and water condensed from 

aro Fn,^Ue.a . ^ the surface of this liquid the delivery tubes from the retorts 

to dip, so that, although the gas can bubble freely through the liquid, 
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as it issaes from the retort, none can return through the tube whilst the retort is 
open for the introduction of a fresh charge. 

Exhausters are used in most gas-works, to prevent the pressure in the retort 
from exceeding that of the atmosphere, thus diminishing loss by leakage, and 
quickly removing the gas from the injurious effect of the hot retort. 



The aqueous portion of the liquid deposited in the hydraulic main is known as 
the ammoniacal liquor, from its consisting chiefly of a solution of various salts 
' of ammonium, the chief of which is the carbonate; sulphide, cyanide and sulpho- 
cyanide of ammonium are also found in it. 

From the hydraulic main the gas passes into the condenser, which is composed 
of a series of bent iron tubes kept cool either by the large surface which they 
expose to the air, or sometimes by a stream of cold water. In these are deposited, 
in addition to water, any of the volatile hydrocarbons and ammonium salts which 
may have escaped condensation in the hydraulic main. Even in the condenser 
the removal of the ammoniacal salts is not complete, so that it is usually necessary 
to pass the gas through a scruVber or case containing fragments of coke, over 
which a stream of water is allowed to trickle, in order to absorb the remaining 
ammoniacal vapours. 

The tar which condenses in the hydraulic main is a very complex mixture, of 
which the following are some of the leading components : — 



Boiling Point. 

Formula. 

Sp. Gr. 

Nbuteal Hydeocabbons. 
Liquid. 

Benzene .... 

F. C. 

176° 80° 

CeHs 


Toluene .... 

230° 110° 


0.88 

Xylene .... 

288° 142° 

OsH,„ 

0.87 

Isocumene* 

338° 170° 

CgU,„ 

0.85 

Solid. 




Naphthalene . 

425° 218° 

C.„H, 

i.iS 

Anthracene 

680° 360° 

C„H.„ 


Chrysene .... 

C.bH„ 


Pyrene .... 

... 

C.cH.o 



® Benzene, originally derived from hemoic acid; toluene, from balsam of tolii; xvlene, 
found among the products from wood (fuAop); isocumene, isomeric with cumene, obtained 
from oil of cummin. 
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Boiling-point. 

Formula. 

Sp. Gr. 

ALl^ALINB PEODUCTS. 
Ammonia 

F. 

C. 

NH, 


Aniline .... 

363“ 

184* 

C„H,N 

1.03 

Picoline .... 

266“ 

130° 

0„H,N 

0.96 

Quinoline 

460° 

238“ 

C„H,N 

1.08 

Pyridine .... 

240° 

1x6“ 


0.98 

Acid Peoduots. 





Carbolic acid . 

3 SS“ 

iSi“ 

1.07 

Kresylic .... 

370“ 

188“ 

C,H 30 _ 


Eosolic .... 

* 



1.06 

Acetic. .... 

244° 

CO 

0 

C„H,0„ 


The gas is now passed through the Urnc-purificr, which is an iron box with 
shelves on which dry slaked lime is placed in order to absorb the carbonic acid 
gas, sulphuretted hydrogen, and carbon bisulphide. 

A great many other methods have been devised for the purification of the gas 
from sulphuretted hydrogen, but none appears to be so efficacious and economical 
as that which consists in passing the gas over hydrated iron oxide* mixed with 
sawdust (which is employed to prevent the material from caking). 

The action of the sulphuretted hydrogen on the ferric oxide is represented b • 
two equations (i)Fe,,03+H„S = 2Fe0 + H0O + S ;(2)Fe;03 + 3H„S = 2FeS + 3H„0 + S ; 
and the circumstance which especially conduces to the economy of the process 
is the facility with which the ferrous sulphide and oxide may be reconverted into 
the ferric oxide by mere exposure to the action of atmospheric oxygen ; for 
2FeS+03=Fej03+S2, thus reviving the power of the mixture to absorb sul- 
phuretted hydrogen* Accordingly, the material is periodically exposed to the 
action of air ; or, as is sometimes practised, a small quantity of air is admitted 
into the purifier together with the gas ; this reconverts the ferrous sulphide and 
oxide into ferric oxide, and the oxidation is attended with enough heat to convert 
into vapour any benzene which may have condensed in the purifying mixture, and’ 
of which the illuminating value would otherwise be lost. The same purifying 
mixture may thus be employed to purify a very large quantity of gas, until the 
separated sulphur (55 per cent.) has increased its bulk to an inconvenient extent, 
when the spent oxide is burnt for making vitriol (p. 222). The various processes 
which have been devised for the removal of the carbon bisulphide vapour are 
mentioned at page 236. 

The purified gas is passed into the gasometers, from which it is|supplied for con- 
sumption. 

In the manufacture of coal-gas, attention is requisite to the temperature (1800° 
to 2000° F.), at which the distillation is effected, for, if it be too low, the solid and 
liquid hydrocarbons will be formed in too great abundance, not only diminishing 
the volume of the gas, but causing much inconvenience by obstructing the pipes. 
On the other hand, if the retort be too strongly heated, the vapours of volatile 
hydrocarbons, as well as the olefiant gas and marsh gas, may undergo decompo- 
sition, depositing their carbon upon the sides of the retort, in the form of gas- 
caroon, and leaving their hydrogen to increase the volume and dilute the illu- 
minating power of the gas. 

These effects are well exemplified in the following table, which contains 
analyses or tne gas collected at different periods of the distillation r — 


In 100 volumes. 

After 10 mine. 

After hours. 

After 3^ hours. 

After si hours. 

Sulphuretted hydrogen. 
Carbon dioxide 

Hydrogen 

Carbon monoxide . 

Marsh gas . 

Illuminants (see p. 1 r6) 
Nitrogen 

1.30 

2.21 

20.10 

6.19 

57-38 

10.62 

2.20- 

1.42 

2.09 

38.33 

5-68 

44-03 

5-98 

2-47 

0 - 49 

1 - 49 
52.68 

6.21 

33-54 

3-04 

2 - 55 

O.II 

i-So 

67.12 

6.12 

22.58 

1-79 

0.78 


* Brown hoBmatite (bog ore) is frequently employed. 
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Much advantage is said to be gained by mixing the coal with a certain propor- 
tion of lime, which diminishes the sulphur in the gas and increases the yield of 
ammonia. 

One of the most useful of the secondary products of the coal-gas manufacture 
is the ammonia, and this process has been already noticed as a principal source 
of the ammoniacal salts found in commerce. 

Next in the order of usefulness stands the coal-tar, which deserves attentive 
consideration, not only on that account, but because the extraction of the various 
useful substances from this complex mixture affords an excellent example of 
proximate organic analysis, that is, of the separation of an organic mixture into 
its immediate components. 

For the separation of the numerous volatile substances contained in coal-tar, 
advantage is taken of the difference in their boiling-points, which will be observed 
on examining the table at page 772, 

A large quantity of the tar is distilled in an iron retort, when water passes over, 
holding salts of ammonia in solution, and accompanied by a brown oily offensive 
liquid which collects upon the surface of the water. This is a mixture of the 
hydrocarbons, which are lighter than water, viz., benzene, toluene, xylene, and 
isocumene, all having, as represented in the table at page 772, a specific gravity 
of about 0.85. 100 parts of the tar yield, at most, 10 parts of this light oil. 

As the distillation proceeds and the temperature rises, a yellow oil distils over, 
which is heavier than water, and sinks in the receiver. This oil, commonly called 
dead oil, is much more abundant than the light oil, amounting to about one-fourth 
of the weight of the tar, and contains those constituents of the tar which have a 
high specific gravity and boiling-point, particularly naphthalene, aniline, quino- 
line, and carbolic acid. The proportion of naphthalene in this oil increases with 
the progress of the distillation, as would be expected from its high boiling point, 
so that the last portions of the oil which distil over become nearly solid on cool- 
ing. When this is the case, the distillation is generally stopped, and a black 
viscous residue is found in the retort, which constitutes pitch, and is employed 
for the preparation of Brunswick black and of asphalt for paving. 

The light oil which first passed over is rectified by a second distillation, and is 
then sent into commerce under the name of coal-naphtha, a quantity of the heavy 
oil being left in the retort, the lighter oils having lower boiling points. 

This coal-naphtha may be further purified by shaking it with sulphuric acid, 
which removes several of the impurities, whilst the pure naphtha collects on the 
surface when the mixture is allowed to stand. When this is again distilled it 
yields the rectified coal-naphtha. 

The distillation of cannel coal, and of various minerals nearly allied to coal, at 
low temperatures, is now extensively carried on for the manufacture of parafiBn 
and paraffin oil (see Paraffin). 

Coal-tar dyes. — The first dye ever manufactured from aniline on a large scale 
was that known as mauve,* or aniline purple, which is obtained by dissolving ani- 
line in diluted sulphuric acid, and adding solution of bichromate of potash, when 
the liquid gradually becomes dark-coloured, and deposits a black precipitate which 
is filtered off, washed, boiled with coal-naphtha to extract a brown substance, and 
afterwards treated with hot alcohol, which dissolves the mauve. The chemical 
change by which the aniline has been converted into this colouring-matter cannot 
at present be clearly traced, but the basis of the colour has been found to be a 
substance which has the composition and has been termed mauviine. It 

forms black shining crystals, resembling specular iron ore, which dissolve in 
alcohol, forming a violet solution, and in acids, with production of the purple 
colour. Mauv6ine combines with the acids to form salts ; its alcoholic solution 
even absorbs carbonic acid gas. The hydrochloride of mauvdne, 02,H2,N4.2HC1, 
forms prismatic needles with a green metallic lustre. 

Very brilliant red dyes are obtained from commercial aniline by the action of 
carbon tetrachloride, stannic chloride, ferric chloride,, cupric chloride, mercuric 
nitrate, corrosive sublimate, and arsenic acid. It will be noticed that all these 
agents are capable of undergoing reduction to a lower state of oxidation or chlori- 
nation, indicating that the chemical change concerned ifa the transformation of 
aniline into aniline-red is one in which the aniline is acted on by oxygen or 
chlorine. The easiest method of illustrating the production of aniline red on the 

* French for marshmallow, in allusion to the colour of the flower. 



COAL-TAU DYES. 


775 


small scale, consists in heating a few drops of aniline m a test-tube with a frag- 
ment of corrosive sublimate .(mercuric chloride), which soon fuses and acts upon 
the aniline to form an intensely red mass composed of aniline red, calomel, and 
various secondary products. By heating this mixture with alcohol, the red dye is 
dissolved, and a skein of silk or wool dipped into the liquid becomes dyed of a 

fine red, which is not removed by washing. 

On the large scale, magenta (as aniline red is commonly termed) is gencraUy 
prepared by heating aniline to about 320“ F. (160° 0.) with arsenic acid, when a 
dark semi-solid mass is obtained, which becomes hard and brittle on cooling, and 
exhibits a green metallic reflection. This mass contains, in addition to aniline 
red, several secondary products of the action, and arsenious acid._ On boiling it 
with water, a splendid red solution is obtained, and a dark resinous or pitchy 
mass is left. If commoa salt be added to tbe red solutioa as long as it is dis- 
solved, the bulk of the colouring matter is precipitated as a resinous mass, which 
may be purified from certain adhering matters by drying and boiling with coal- 
naphtha. The red colouring matter is the arsenate of a colourless organic base, 
which has been called rosanilinc (p. 7®3)- solution of arsenate^ of 

rosaniline be decomposed with calcium hydroxide suspended in water, a pinkish 
precipitate is obtained, which consists of rosaniline mixed with calcium arsenate, 
and the solution entirely loses its red colour (cf. p. 703). 

By treating the precipitate with a small quantity of acetic acid, the rosaniline 
is converted into rosaniline acetate forming a red solution, which 

may be filtered off from the undissolved calcium arsenate. On evaporating the 
solution to a small bulk, and allowing it to stand, tbe acetate is obtained in 
crystals which exhibit the peculiar green metallic lustre of the wing of the rose- 
beetle, characteristic of the salts or rosaniline. This salt is the commonest com- 
mercial form of magenta ; its colouring power is extraordinary, a very minute 
' particle imparting a red tint to a large volume of water. Silk and wool easily 
extract the whole of the colouring matter from the aqueous solution, becoming 
dyed a fast and brilliant crimson ; cotton and linen, however, have not so strong 
an attraction for it, so that if a pattern be worked in silk upon apiece of cambric, 
which is then immersed in a solution of magenta and afterwards washed in hot 
water, the colour will be washed out of the cambric ; but the red silk pattern will 
be left. 

Water dissolves but little rosaniline ; alcohol dissolves it abundantly, forming a 
deep red solution. Rosaniline forms two classes of salts with acids, those with 
I inolecule of acid {monacid salts) being crimson, and those with three molecules 
{triacid salts) having a brown colour. Thus, if colourless rosaniline be dissolved 
in a little dilute hydrochloric acid, a red solution is obtained, which contains the 
monacid rosaniline hydrochloride, OjjHijNyHCl; but if an excess of hydrochloric 
acid be added, the red colour disappears, and a brown solution is obtained, from 
which the triacid hydrochloride, C25H,g‘N3.3HCl, may be crystallised in brown red 
needles. 

For experimental illustration of the properties of rosaniline, the liquid obtained 
by boiling a solution of the acetate with a slight excess of lime diffused in water, 
and filtering while hot, is very well adapted. The solution has a yellow colour, 
and may be preserved in a stoppered bottle without alteration. If air be breathed 
into it through a tube, the liquid becomes red from production of rosaniline car- 
bonate. Characters painted on paper with a brush dipped in the solution are 
invisible at first, but gradually acquire a beautiful rose colour. 

properties of rosaniline will be found described at p, 703. 
'-.Amline-ydlow, or clirysaniline (from xpdacos, golden), is found among the secondary 
protocts obtained in the preparation of aniline red. It forms a bright yellow 
powder, resembling chrome-yellow, and having the composition C„,B[,.K„. It 
IS nearly insoluble in water, but dissolves in alcohol. Chrysaniline has basic 
properties, and dissolves^ in acids, forming salts. On dissolving it in diluted 
hydrochlonc acid, and mixing the solution with the concentrated acid, a scarlet 
crystalline precipitate of chrysaniline hydrochloride (0„„H,,N3.2HC1) is obtained 
which IS insoluble in strong hydrochloric acid, but very soluble in water A 
characteristic feature of chp-saniline is the sparing solubility of its nitrate. 
Even from a, dilute solul^n of the hydrochloride, nitric acid precipitates chrys* 
anihne nitrate (OjoH.jNj.HNOj) in ruby-red needles. ^ 

Anihne-hlue is produced as described on p. 704, 

The hydrochloride is an ordinary commerciai form of aniline-blue ; it has a 



776 


dyeing; 


brown colour, refuses to dissolve in water, but yields a fine blue solution in 
alcohol. 

DYEING AND CALICO-PEINTING. 

589. The object of the dyer being to fix certain colouring matters permanently 
in the fabric, his processes would be expected to vary with the nature of the latter, 
and of the colour to be applied to it. In order that uniformity of colour and its 
* perfect penetration into the fibre maybe obtained, it is evident that the colouring 
matter must always be employed in a state of solution ; and it must be rendered 
fast, or not removable by washing, by assuming an insoluble condition in the 
fibre. 

The simplest form of dyeing is that in which the fibre itself forms an insoluble 
compound with the colouring matter. Thus, if a skein of silk be immersed in a 
solution of indigo in sulphuric acid, it removes the whole of the colouring matter 
from the liquid, and may then be washed with water without losing colour ; but 
if the same -experiment be tried with cotton, the indigo will not be withdrawn 
from the solution, and when the cotton has been well squeezed and rinsed with 
water, it will become white again. It may be stated generally, that the animal 
■fabrics (silk and wool) will absorb and retain colouring matters with much 
greater facility than vegetable fabrics (cotton and linen). In the absence of so 
powerful an attraction between tie fibre and the colouring matter, it is usual to 
impregnate the fabric ^vith a mordant or substance having an attraction for the 
colour, and capable of forming an insoluble combination with it, so as to retain it 
permanently attached to the fabric. Thus, if a piece of cotton be boiled in a 
solution of acetate of alumina, the alumina will be precipitated in the fibre ; and 
if the cotton be then soaked in solution of cochineal or of logwood, the red 
colouring matter will form an insoluble compound (or lalce) with the alumina, and 
the cotton will be dyed of a fast red colour. 

Another method of fixing the colour in the fabric consists in impregnating the 
latter with two or more liquids in succession, by the admixture of which the 
colour may be produced in an insoluble state. If a piece of any stuff be soaked 
in solution of ferric chloride, and afterwards in potassium ferrocyanide, the 
Prussian blue which is precipitated in the fibre will impart a fast blue tint. 

An indispensable preliminary step to the dyeing of any fabric is the removal of 
all natural grease or colouring matter, which is effected by processes varying with 
the nature of the fibre, and is preceded, in the cases of cotton and woollen 
materials which are to receive a pattern, by certain operations of shaving and 
singeing for removing the short hairs from the surface. 

From linen and cotton, the extraneous matters (such as grease and resin) are 
generally removed by weak solutions of carbonate of potassium or of sodium, and 
the fabrics are afterwards bleached by treatment with chloride of lime (page 17S). 

But since the fibres of silk and wool are much more easily injured by alkalies and 
by chlorine, greater care is requisite in cleansing them. Silk is boiled with a 
solution of ;white soap to remove the gum, as it is technically termed ; but the 
natural grease, suint or yolk, is extracted from wool by soaking at a moderate tem- 
perature in a weak bath either of soap or of ammoniaoal (putrefied) urine. Both 
silk and woolare bleached by sulphurous acid (page 217). 

Among the red dyes the most important are madder, alizarine, Brazil wood, 
cochineal, lac, and the aniline reds. 

In dyeing red with madder or Brazil wood, the linen, cotton, or wool is first 
mordanted by boiling in a solution containing alum and bitartrate of potash, 
when it combines with a part of the alumina, and on plunging the stuff into a hot 
infusion of madder, the colouring matter forms an insoluble combination with 
that earth. 

To dye Turkey-red, the stuff is also mordanted with alum, but has previously 
to undergo several processes of treatment with oil and with galls, the necessity of 
which is satisfactorily established in practice, though it is not easy to explain 
their action. The colour is finally brightened by boiling the stuff with chloride 
of tin. 

Woollen cloth is dyed scarlet with lac or cochineal, having been first mordanted 
by boiling in a mixture of perchloride of tin and bitartrate of potash 

The aniline colours (see page 774) are employed for dyeing silk and wool, either 
without any mordant or with the help of albumin. 

Blues are generally dyed with indigo (page 732), or with Prussian Hue; in the 
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latter case the staff is steeped successively in solutions of a salt of peroxide of 
iron and of potassium ferrocyanide. Aniline hltie is also much employed for sfiK 

and -woollen fabrics. . , 

The principal yellow dyes are locld, qtteredron, fustic, annatto, cliryeamline, ana 
lead chromate. Nor the first- four colouring matters aluminous mordairts are 
generally applied. Lead chromate is produced in the fibre of the stuff, 'wmen is 
soaked for that purpose, first in a solution of acetate or nitrate of lead, and then 
iu potassium chromate. Carbazotic or picric acid (page 692) is also sometimes 
employed as a yellow dye. _ . 

In dyeing Macics and browns, the stuffs are steeped first in a bath containing 
some form of tannin (page 590), such as infusion of (jails, sumach, or catechu, and 
afterwards in a solution of a salt of iron, different shades being produced by the 
addition of indigo, of copper sulphate, &c. ... 

The art of calico printing differs fro.m that of dyeing in that the colour is re- 
quired to be applied only to certain parts of the fabric so as to produce a pattern 
or design either of one or of several colours. 

, A common method of printing a coloured pattern on a white ground consists 
in impressing the pattern by passing the stuff under a roller, to which an appro- 
priate mordant thickened with British gum (page 716) is applied. The stuff is' 
then dunged — f.e., drawn through a mixture of cow-dung and water, which appears 
to act by removing the excess of the mordant, and afterwards immersed in the 
hot dye-bath, when the colour becomes permanently fixed to the mordanted device, 
but may be removed from the rest of the stuff by washing. 

If the pattern be printed with a solution of acetate of iron, and the stuff im- 
mersed in a madder-bath, a lilac or black pattern will be obtained according to 
the strength of the mordant employed. By using acetate of alumina as a mordant, 
the madder-bath would give a red pattern. 

A process which is the reverse of this is sometimes employed, the pattern being 
impressed with a resist, that is, a substance which will prevent the stuff from 
taking the colour in those parts which have been impregnated with it. For 
example, if a pattern bo printed with thickened tartaric or citric acid, and the 
stuff be then passed through an aluminous mordant, the pattern will refuse to 
take up the alumina, and subsequently the colour from the dye-bath. Or a pat- 
tern may be printed with nitrate of copper, and the stuff passed through a bath 
of reduced indigo (page 732), when the "nitrate of copper, -will oxidise* the indigo, 
and, by converting it into the blue insoluble form, -will prevent it from sinking 
into the fibre of those parts to which the nitrate has been applied, whilst else- 
where the fibre, having become impregnated with the white indigo, acquires a 
fast blue tint when exposed to the air. 

Sometimes the stuff is uniformly dyed, and the colour discharged in order to 
form the pattern. A white pattern is produced upon a red (madder) or blue 
(indigo) ground by printing with a thickened acid discharge, and passing the stuff 
through a weak bath of chloVide of lime, which removes the colour from those 
ppts only which were impregnated with the acid (page 177). By adding lead 
nitrate_ to the acid discharge, and finally passing the stuff through a solution of 
potassium chromate, a yellow pattern (lead chromate) may be obtained upon the 
madder-red ground. By applying nitric acid as a discharge, a yellow pattern may 
be obtained upon an indigo ground (page 145). 

Very brilliant designs are produced by mordanting the stuff in a solution of 
stannate of potassium or sodium (page 413), and immersing it in dilute sulphuric 
acid, which precipitates the stannic acid in the fibre. 

When the thickened colouring matters are printed on in patterns and steamed, 
an insoluble compound is formed between the colour and the stannic acid. 

It is evident that by combining the principles of which an outline has just been 
given, the most varied parti-coloured patterns may be printed. 

TANNING. 

590. When infusion of nut-galls is added to a solution of gelatine, the latter 
combines ^th the tannic acid, and a bulky precipitate is obtained. If a piece of 
skin, which has the same composition as gelatine, be placed in the infusion of 
nut-galls, it -will absorb the whole of the tannic acid, and become converted into 
leather, which is much tougher than the raw skin, less permeable by water, and 
not liable to putrefaction. ' jr j auu. 



778 


LEATHER. 


The first operation in the conversion of hides into leather, after they have been 
cleansed, consists in soaking them for three or four weeks in pits containing lime 
and water, which saponifies the fat and loosens the hair. The same object is 
sometimes attained by allowing the hides to enter into putrefaction, when the 
resulting ammonia has the same effect as the lime. The loosened hair is then 
scraped off, and the hides are soaked in water, which removes adhering lime. A 
further effect of the lime is to open the pores of the skin, so as to fit it to receive 
the tanning liquid ; if lime have not been used, dilute sulphuric acid should be 
employed to effect the same purpose. 

The tanning material generally employed for hides is the infusion of oak bark 
which contains querci-tannic acid, very similar in properties to tannic acid. The 
hides are soaked in an infusion of oak bark for about six weeks, being passed in 
succession through several pits, in which the strength of the infusion is gradually 
increased. They are then packed in another pit with alternate layers of coarsely 
ground oak bark ; the pit is filled with water and left at rest for three months, 
when the hides are transferred to another pit and treated in the same way ; but, 
of course, the position of the hides will be now reversed — that which was upper- 
most, and in contact with the weakest part of the tanning liquor, will now be at 
the bottom. After the lapse of another thi:ee months the hide is generally found 
to be tanned throughout, a section appearing of a uniform brown colour. It has 
now increased in weight from 30 to 40 per cent. The chemical part of the process 
being now completed, the leather is subjected to certain mechanical operations to 
give it the desired texture. For tanning the thinner kinds of leather, such as 
morocco, a substance called sumach is used, which consists of the ground shoots 
of the Bhus coriaria, and contains a large proportion of tannic acid. 

Morocco leather is made from goat and sheep skins, which are denuded of hair 
by liming in the usual way, but the adhering lime is afterwards removed by 
means of a bath of sour bran or flour. In order to tan the skin so prepared, it is 
sewn up in the form of a bag, which is filled with infusion of sumach, and allowed 
to soak in a vat of the infusion for some hours.. A repetition of the process, with 
a stronger infusion, is necessary ; but the whole operation is completed in twenty- 
four hours. The skins are now washed and dyed, except in the case of red 
morocco, which is dyed before tanning, by steeping it first in alum or chloride of 
tin, as a mordant, and afterwards in infusion of cochineal. Black morocco is 
dyed with acetate of iron, which acts upon the tannic acid. The aniline dyes are 
now much employed for dyeing morocco. 

The hid of which gloves are made is not actually tanned, but submitted to an 
elaborate operation called tawing, the chief chemical features of which are the 
removal of the excess of lime,* and opening the pores of the skin by means of a 
sour mixture of bran and water, in which lactic acid is the agent ; and the sub- 
sequent impregnation of the porous skin with aluminium chloride, by steeping it 
in a hot bath containing alum and common salt. The skins are afterwards 
softened by kneading in a mixture containing alum, flour, and the yolks of eggs. 
The putrefaction of the skin is as effectually prevented by the aluminium chloride 
as by tanning. 

Wash-leather and buchshin are not tanned, but shamoyed, which consists in 
sprinkling the prepared skins with oil, folding them up, and stoching them under 
heavy wooden hammers for two or three hours. When the grease has been well 
forced in, they are exposed in a warm atmosphere, to promote the drying of the 
oil by absorption, of oxygen (page 779). These processes having been repeated the 
requisite number of times, the excess of oil is removed by a weak alkaline bath, 
and the skins are dried and rolled. The buff colour of wash-leather is imparted 
by a weak infusion of sumach. 

Parchment is made by stretching lamb or goat skin upon a frame, removing the 
hair by lime, and scraping, as usual, and afterwards rubbing with pumice-stone, 
until the proper thickness is acquired. 

OILS AND FATS. 

591. A very remarkable feature in the history of the fats is the close resem- 
blance in chemical composition and properties which exists between them, 

. whether derived from the vegetable or the animal kingdom. They aU contain 

* Polysulphides of sodium and calcium are sometimes employed for removing the hair. 
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two or more neutral substances wHcb furnish glycerine when saponified, together 
with some of the acids of the acetic series or of series closely allied to it. 

One of the most useful vegetable fatty matters is oi 7 , which is_ extracted 
by boiling water from the crushed fruit of the JUlais guineensis, an African palm. 
It is a semi-solid fat, which becomes more solid when kept, since it then under- 
goes a species of fermentation, excited apparently by an albuminous substance 
contained in it, in consequence of which the palmitin (CjiHi^jOc) is converted into 
glycerine and palmitic acid. The bleaching of palm oil is effected by the action 
of a mixture of sulphuric or hydrochloric acid and potassium dichromate, which 
oxidises the vellow colouring-matter. 

Coco-nut oil is also semi-solid, and is remarkable for the number of acids of the 
acetic series which it yields when saponified— viz., caproic, caprylic, rutic, lauric, 
myristic, and palmitic. 

These fats are chiefly used in the manufacture of soap and candles. 
l^alad oil, or sioect oil [olive oil), is obtained by crushing olives, and an inferior 
kind which is used for soap is obtained by boiling the crushed fruit with water. 
When exposed to a temperature of about 32“ F. a considerable portion of the oil 
solidifies ; this solid portion is generally called margarin (C^HjoiOJ ; it is much 
less soluble in alcohol than stearin is, though more so than palmitin. When saponi- 
fied, margarin yields glycerine and margaric acid (Cj.HjiOo). This acid appears to 
be really composed of stearic and palmitic acids, into which it may be separated 
by repeated crystallisation from alcohol, when the palmitic acid is left in solution. 
The fusing-point of margaric acid is 140° F., that of stearic being 159°, and that 
of palmitic, 144°, but a mixture of 10 parts of palmitic with i part of stearic acid 
fuses at 140“. 

That portion of the olive oil which remains liquid below 32° F. consists of olein 
(05,11,0^05)2, and forms nearly three-fourths of its weight. 

It is weU known that salad oil becomes rancid and exhales a disagreeable odour 
after being kept for some time. This appears to be due to a fermentation similar 
to that noticed in the case of palm oil, originally started by the action of atmo- 
spheric oxygen upon albuminous matters present in the oil ; the neutral fatty 
matters are thus partly decomposed, as in saponification ; their corresponding 
acids being liberated, and giving rise (in the case of the higher members of the 
acetic series, such as ca.proio and valerianic) to the disagreeable odour of rancid 
oil. By boiling the altered oil with water, and afterwards washing it with a weak 
solution of soda, it may be rendered sweet again. 

Almond oil, erfracted by a process similar to that employed for olive oil, is also 
very similar in composition ; but colza oil [rape oil), obtained from the seeds of the 
Brassica oleifera, contains only half its weight of olein, and hence solidifies more 
readily than the others. 

Colza oil is largely used for burning in lamps, and undergoes a process of puri- 
fication from the mucilaginous substances which are extracted with it from the 
seed, and leave a bulky carbonaceous residue when subjected to destructive dis- 
tillation in the wick of the lamp. To remove these, the oil is agitated with about 
2 per cent, of oil of vitriol, which carbonises the mucilaginous substances, but 
leaves the oil untouched. When the carbonaceous flocks have subsided, the oil is 
drawn off, washed to remove the acid, and filtered through charcoal. 

Linseed oil, obtained from the seeds of the flax plant, is much richer in olein 
than any of the_ foregoing, exhibiting no solidification till cooled to 15° or 20° F. 
below the freezing-point. It exhibits, however, in a far higher degree, a tendency 
to become solid when exposed to the air, which has acquired for it the name of 
a drying oil, and renders it of the greatest use to painters. This solidification is 
attended with absorption of oxygen, which takes place so rapidly in the case of 
linseed oil that spontaneous combustion has been known to take place in masses' 
of rag or tow which have been smeared with it.'* 

. tendency of linseed oil to solidify by exposure is much increased by heat- 
ing it with about -nS^th of litharge, or -^th of black oxide of manganese ; these 
oxides are technically known as dryers, and oil so treated is called boiled linseed 
action of these metallic oxides is not well understood, 
ihe strong drying tendency of linseed oil is supposed to be due to a peculiarity 


*1^® oxidation, a volatile compound is formed which resembles acrolein in 

Suggested that the brown colour 

and musty smell of old books may be due to the oxidation of the oil in the printing-ink. 
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in the olein, which is said not to be ordinary olein, but to furnish a different 
acid, linoleic acid, when saponified. When linseed oil is exposed for some time to 
a high temperature, it becomes viscous and treacly, and is used in this state for 
the preparation of printing ink. If the viscous oil be boiled with dilute nitric 
acid, it is converted into artificial caoutchouc, which is used in the manufacture of 
surgical instruments. This property appears to be connected with the drying 
qualities of the oil. 

Castor oil, obtained from the seeds of Bicinus communis, also , yields a peculiar 
acid when saponified, termed ricinoltic (H‘ CijHjjOa), containing one more atom 
of oxygen than oleic acid, which it much resembles. 'The destructive distillation 
of castor oil yields aaaaiAzc and ocnanthol, or cenanthic aldehyde 

(CjH„0), and by distilling it with caustic potash, caprylic alcohol (CjHuO) is 
obtained. As in the case of olive oil, the cold-drawn castor oil, which is expressed 
from the seeds without the aid of heat, is much less liable to become rancid. 
Castor oil is much more soluble in alcohol than is any other of the fixed oils. 

The various fish oils, such as seal and whale oil, also consist chiefiy of olein, 
and appear to owe their disagreeable odour to the presence of certain volatile 
acids, such as valerianic. 

Ood-liver oil appears to contain, in addition to olein and stearin, a small quan- 
tity of acetin (C„UnOs), which yields acetic acid and glycerine when saponified. 
Some of the constituents of bile have also been traced in it, as well as minute 
quantities of iodine and bromine. 

Butter contains about half its weight of solid fat, which consists in great part 
of palmitin and stearin, but contains also hutin, which yields glycerine and hutic 
ficirf (H’CojHggOj) when saponified. The liquid portion consists chiefly of olein. 
Butter also contains small quantities of butyrin, caproin, and cap’rin, which 
yield, when saponified, glycerine and butyric (1I‘C^H,0„), caproic (H'OgHjjOj), 
and capric (H • Ci(,HjgO„) acids, distinguished for their disagreeable odour. Fresh 
butter has very little odour, being free from these volatile acids, but if kept for 
some time, especially if the casein of the milk has been imperfectly separated in 
its preparation, spontaneous resolution of these fats into glycerine and the volatile 
disagreeable acids takes place. By salting the butter this change is in great 
measure prevented. Margarine, the butter substitute, is made from the less solid 
portion of mutton suet. 

The fat of the sheep and ox t^suet, or, when melted, tallow') consists chiefly of 
stearin, whilst in that of the pig {lard) olein predominates to about the same 
extent as in butter. Palmitin is also present in these fats. Benzoated lard con- 
tains some gum benzoin, which prevents it from becoming rancid. 

Human fat contains chiefly olein and margarin (or, if we do not admit the 
independent existence of the latter, palmitin and stearin). 

Sperm oil, which is expressed from the spermaceti found in the brain of the 
sperm whale, owes its peculiar odour to the presence of a fat which has been 
called phocenin, but which appears to be vulerin, as it yields glycerine and. 
valerianic acid (H'OjHgOg) when saponified. 

The beautiful solid crystalline fat, known as spermaceti or cetin, differs widely 
from the ordinary fatty matters, for when saponiiied (which is not easily effected), 
it yields no glycerine, but in its stead another alcohol, termed ethal (CjjHj^O), which 
is a white crystalline solid, capable of being distilled without decomposition. 

The soap prepared from spermaceti, when decomposed by an acid yields palmitic 
acid (H ■ CigHgiOj) (formerly called ethalic add), with which ethal is the correspond- 
ing alcohol. 

Amhergris, used in perfumery, is a fatty substance found in the intestines of 
the spermaceti whale. Boiling alcohol extracts from it about 80 per cent, of 
ambrein. 

Chinese wax, the produce of an insect of the Cochineal tribe, is analogous in its 
chemical constitution to spermaceti. When saponified by fusion with caustic 
potash, it yields cerotin, or cerglic alcohol (CojHjj- OH), corresponding -with ethal, 
and ceroh'c act'd (H'OjjHjjOs)) corresponding witn palmitic acid. Cerotic acid is 
also contained in or^nary bees’-wax, from which it may be extracted by boiling 
alcphol, and crystallised as the solution cools. It forms about two-thirds of the 
weight of the wax. Cerotic acid is found among the products of oxidation of 
parafiin by chromic acid. 

Bees’-wax also contains about one-third of its weight of myricin (C^gHgjO^), a 
substance analogous to spermaceti, which yields, when saponified, palmitic acid 
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and melissin, or myricyl alcohol (C3oH„,-OH), and corresponding with ethal. The 
colour, odoirr, and tenacity .of bees’- wax appear to be due to the presence of a 
greasy substance called cerohin, which forms about of the wax, and has not 
been fully examined. The tree loax of Japan is said to be pure palmitin. 

Wax is bleached for the manufacture of candles, by exposing it in thin strips or 
ribands to the oxidising action of the atmosphere, or by boiling it with nitrate of 
soda and sulphuric acid. Chlorine also bleaches it, but displaces a portion of the 
hydrogen in the wax, taking its place and causing the evolution of hydrochloric 
acid vapours when the wax is burnt. 

The following table includes the principal fatty bodies and their corresponding 
acids, with their fusing points : — 


Neutral 

Fats. 

Formula. 

Chief 
. Source. 

Fusing ■ 

Point, 

Fahr. 

Fatty 

Acids, 

Formula. 

Fusing 

Point, 

Faht. 

Stearin 

Palmitin 

Margarin 

Olein 

Cetin 

Myricin 

^ 57 ^ 101^6 

Tallow 

Palm oil 
Olive oil 

Spermaceti 
Bees’ -wax 

125" to 157° 

1 14" to 145° 
116° 

Below 32° 
120° 

162“ 

Stearic 

Palmitic 

Margaric 

Oleic 

Palmitic 

C.rHG.O, 

it 

' 59 : 

144 

140° 

40° 

144 ° 
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CHEMISTRr OF SOAP. 

592. The manufacture of soap affords an excellent instance of a process which 
wap in use for centuries before anything was known of the principles upon which 
it is based, for it was not till the researches of Chevreul were publised in 1813, 
that any definite ideas were entertained with respect to the composition of the 
various fats and oils from which soaps are made. 

The investigations of Chevreul are conspicuous among the labours which have 
contributed in so striking a manner to the rapid advancement of chemistry during 
the present century ; undertaken when the chemistry of organic substances had 
scarcely advanced beyond the dignity of an art, when the principles of classifica- 
tion were almost entirely empirical, and hardly any research had been published 
which would serve as a model, these investigations reflect the remarkable sagacity 
and accuracy of their author. 

The sense of our obligation to this eminent chemist is further increased, when 
we remember that the ultimate analysis of organic substances was then effected 
difficult and laborious process, whilst the doctrine of combining pro- 
portions was so imperfectly understood, that it could afford but little assistance 
®°°drming or interpreting the results of analysis. 

soaps are formed by the action of the alkalies upon the oil and fats. 

In the manufacture of soap, potash and soda are the only alkalies employed, the 

former for soft, the latter for hard soaps. 

■niif ^-1 soap-maker are chiefly tallow, palm oil, coco- 

000 kitchen stuff, for hard soaps, and seal oil and whale oil for soft 

S03,ps* 

manufacture of hard soap, the alkali is prepared by decomposing or 
CaCO carbonate (soda-ash) with slaked lime, NaXOg -f Ca{OH)„ = 
nff f,-o^ clear solution of sodium hydroxide, or soda-ley, being drawn 

TliP t 11 calcium carbonate. 

formpfl Is with a weak soda-ley,* because the soap which is 

ouautiftr of ®ciuble in a strong alkaline solution, and would enclose and protect a 
strnuo-pr tallow ; in proportion as the saponification proceeds, 

to added, until the whole of the grease has disappeared. In order 

soan in solnfi ^hich is dissolved, advantage is taken of the insolubility of 

the soar) ri<5Po°+^*lu quantity of common salt being thrown into the boiler, 

soan trMsfpn-p^ the surface, when the spent ley is drawn off from below, and the 
bars. moulds that it may harden sufficiently to be cut up into 

thus Ravine action of the sodium carbonate upon the fat, 

Sieving me expense of caustifying (Morfit’s process). 
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In order to understand the chemistry of this process, it is necessary to know 
that tallow contains two fatty substances, one of which, stearin‘s is 

solid, and the other, olein 'Cj^HjojOe), liquid, the quantity of stearin being about 
thrice that of olein. 

When these fats are acted upon by soda, they undergo decomposition, furnish- 
ing stearic and oleic acids, which combine with the soda to form soap, whilst a 
peculiar sweet substance, termed passes into solution ; the nature of the 

decomposition in each case will be understood from the following equations — 
C3H,-{C.,H3, 0)3-03 -f 3NaOH = 3Na{C,3H330)0 -b C3H3O3 

Stearin Sodium stearate Glyeenne; 

C3H3-(C,3H330)3-03 -b 3NaOH = 3Na(C,3H330)0 -f O3H3O3 
Olein Sodium oleate Glycerine; 

SO that the soap obtained by boiling tallow with soda is a mixture of the sodium 
stearate with about a third of its weight of sodium oleate and 20 to 30 per cent, 
of water. 

Palm oil is composed chiefly of palmitin (CsiHjjO,,), a solid fat which is 
resolved, by boiling with soda, into sodium palmitate (palm oil soap) and gly- 
cerine; CaHj-COigHa, 0)3-03 -f- 3NaOH = 3Na(C,3H3,0)0 -b C3H3O3 
Palmitin. Sodium palmitate. Glycerine. 

In the fish oils the predominant constituent is olein, so that when boiled with 
potassium hydroxide, they yield potassium oleate (£0,3113302), which composes the 
chief part of soft soap. 

Castile soap is made from olive oil, which contains olein and a solid fat known 
as margarin. The latter appears to be really composed of palmitin and 
stearin, so that the Castile soap is a mixture of oleate, palmitate, and stearate 
of sodium. 

The peculiar appearance of mottled soap is caused by the irregular distribution 
of a compound of the fatty acid with oxide of iron, which arranges itself in veins 
throughout the mass. If the soap contained too much water, so as to render it 
very fluid when transferred to the moulds, this iron compound would settle down 
to the bottom, leaving the soap clear, so that the mottled appearance is often 
regarded as an indication that the soap does not contain an undue proportion of 
water ; it is imitated, however, by stirring into the pasty soap some ferrous 
sulphate and a little impure ley containing sodium sulphide, so as to produce the 
dark sulphide of iron by double decomposition.! 

In the manufacture of yellow soap, in addition to tallow and palm oil, a con- 
siderable proportion of common rosin (see p. 543) is added to the soap shortly 
before it is finished. iSoft soap is not separated from the water by salt like hard 
soap, but it is evaporated to the required consistency. Transparent soaps are 
obtained by drying hard soap, dissolving it in hot spirit of wine, and pouring the 
strong solution into moulds after the greater part of the spirit has been distilled 
off. Silicated soap is a mixture of soap with silicate of soda. Glycerine soap is 
prepared by heating the iat with alkali and a little water at about 400° F. for two 
or three hours, and running the mass at once into moulds. It is, of course, a 
mixture of soap and glycerine. 

The proportion of water in soaps is very variable, some specimens containing 
between 70 and 80 per cent. The smallest proportion is about 30 per cent. 

The theory of saponification, stated above, has received the strongest confirma- 
tion within the last few years, by the synthetic production of the fats from , 
glycerine and the fatty acids formed in their saponification. 

CANDLES. 

S93. Since tallow fuses at about 100° F., and stearic acid not below 159°, it is 
evident that, independently of other considerations, the latter would be better 
adapted for the manufacture of candles, for such candles would never soften at 
the ordinary atmospheric temperature in any climate, and would have much less 
tendency to gutter in consequence of the excessive fusion of the fuel around the 
base of the wick. The gases furnished by the destructive distillation of stearic 
acid in the wick of the candle burn with a brighter flame than those produced 

* Sreap, /allow. 

t A soap which contains more than 30 per cent, of water is said not to admit of 
mottling. 
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from tallow. Accordingly, the manufacture of stearin (or more correctly, stearic 
acid) candles* has now become a very important and instructive branch o'f 

The miginal method of separating the stearic acid from tallow on the large 
scale consisted in mixing melted tallow with lime and water, and heating the 
mixture for some time at 212° F. by passing steam through it. 

The tallow was thus converted into the insoluble stearate and oleate of calcium, 
which was drained from the solution containing the glycerine, and decomposed by 
sulphuric acid. The mixture of stearic and oleic acids thus obtained was cast 
into thin slabs, which were packed between pieces of coco-nut matting, and well 
squeezed in a hydraulic press, which forced out the oleic acid, leaving the stearic 
and palmitic acids in a fit state for the manufacture of candles. 

The separation of the solid fatty acids from tallow and other fats rnay also be 
efEected by the action of sulphuric acid, a process extensively applied in this 
country to palm and coco-nut oils. These fats are mixed in cppper boilers with 
about one-sixth of their weight of concentrated sulphuric acid, and heated by 
steam at about 350“ F. for some hours, when part of the glycerine is converted 
into sulphoglyceric acid (CsHgOj- SO3), and the remainder is decomposed by the 
sulphuric acid, carbonic and sulphurous acid gases being_ disengaged, whilst a 
dark-coloured mixture of palmitic, stearic and oleic acid is left. A part of the 
oleic acid becomes converted in this process into elaidic acid, which has the same 
composition, but differs from oleic acid in fusing at about xi3“ F,, so that the 
amount of solid acid obtained by this process is much increased. This mixture 
is well washed from the adhering sulphuric and sulphoglyceric acids, and trans- 
ferred to a copper still into which a current of steam is passed, which has been 
raised to about 600° F. by passing through hot iron pipes. These fatty acids 
could not be distilled alone without decomposition, but under the influence of a 
current of steam they pass over readily enough, leaving a black pitchy residue 
in the retort, which is employed in making black sealing-wax, and for other useful 
purposes. 

The distilled fatty acids are broken up and pressed between coco-nut matting 
to remove the oleic acid. 

One great advantage of this process, which is commonly, though incorrectly, 
styled the saponification by sulphuric acid, is its allowing the conversion of the 
worst kinds of refuse fat into a form fit for the manufacture of candles ; thus, the 
fat extracted from bones in the manufacture of glue, and that removed from wool 
in the scoring process, may be turned to profitable account. 

It will be remarked that in this process the palmitic, stearic, and oleic acids 
are formed from the palmitin, stearin, and olein existing in the fats, by the 
assimilation of the elements of water and the subsequent separation of glycerine 
just as in the ordinary process of saponification by means of alkalies. 

Strictly speaking, the action appears to consist of two stages ; for when con- 
centrated sulphuric acid is allowed to act upon the natural fats in the cold, it 
combines with each of their ingredients, forming the acids known as sulpho- 
stearic, sulphopalmitic, sulpholeic, and sulphoglyceric, which are soluble in water, 
though not (with the exception of the last) in water containing sulphuric acid. 

The second stage consists in the decomposition of the sulpho-fatty acids by the 
high temperature in contact with steam, the sulphoglyceric acid having been in 
great measure decomposed into secondary products before the distillation is com- 
menced. 

^Yitbin the last few years, the extraction of the solid acids from the natural 
fats has been effected by a process known as saponification by steam, which allows 
the glycerine also to be obtained in a pure state. It is only necessary to subject 
the fat, m a distiUatory appa,ratus, to the action of steam, at a temperature of 
about 600 F,, to cause both the fatty acids and the glycerine to distil over • the 
former may be separated as usual into solid and liquid portions by pressure 
whilst the glycerine, which is obtained in aqueous solution below the laver of 
fatt}’- acids, is concentrated by evaporation, and sent into commerce as a verv 
sweet colourless viscid hquii The saponification of palmitin, for instance, W 
steam, would be represented by the equation— ^ 

3(H-C„H3iO,j) + C3H5(H0)3 

^ Palmitic acid. Glyofrine. 

» Composite candles are made of a mixture of stearic and palmitic acid. 
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STAECH. 

594. Starcli is manufactured chiefly from potatoes, -wheat, and rice, the solid 
portion of which consists chiefly of starch, as appears in the following result of 
analysis : — ■ 



Potatoes. 

Wheat. 

Rice. 

Starch 

. 20.2 

60.8 

83.0 

Water 

- 75-9 

12. 1 

5 . 0 - 

Gluten 

• • • • « • • 

10.5 

... 6.0 

Albumin 

. 2.3 

2.0 

» • . > • • 

Dextrin and sugar 

• 

10.5 

I.O 

Woody fibre 


I-S 

... 4*^ 

Oily matter 

• 0« 2 ■ « ■ 

1. 1 

O.I 

Mineral matter . 

• laO ( • • 

1-5 

O.I 


100.0 

100.0 

■100.0 


In order to extract the starch, the potatoes are rasped to a pulp, which is 
washed upon a sieve, under a stream of water, as long as the latter is rendered 
milky by the starch suspended in it, the woody fibre being left behind upon the 
sieve. The milky liquid is allowed to settle, and the clear water drawn off ; the 
deposited starch is then stirred up with fresh water, and again aUowed to subside, 
this process being repeated as long as the water is coloured, after which the starch 
is mixed up with a small quantity of water, and passed through a fine sieve to 
separate mechanically mixed impurities ; it is finally drained and dried, first in a 
current of air, and afterwards by a gentle heat. 

Starch cannot be extracted from wheat so easily as from potatoes, on account 
of the much larger proportion of other solid matters from which it must be 
separated. 

To extract the starch, the coarsely ground wheat is moistened with water, and 
allowed to putrefy, as it easily does, in consequence of the alterable character of 
the gluten (which contains carbon, hydrogen, nitrogen, oxygen, and sulphur) ; the 
putrefying gluten excites fermentation in the sugar and part of the starch, pro- 
ducing acetic and lactic acids. These acids are capable of dissolving the 
remainder of the gluten, which may then be washed away by water, the subsequent 
processes being similar to those employed in the extraction of potato starch. 

A far more economical and scientific method of extracting the starch consists in 
dissolving the gluten by means of a weak alkaline solution, which leaves the 
starch untouched. This process is especially applied in the manufacture of starch 
from rice (p. 715). 

Arroiuroot is the starch extracted from the root of the Maranta arundinacea, 
and of some other tropical plants. 

In the preparation of tapioca and sago, the starch is dried at a temperature 
above 140° F., so that it loses its ordinary farinaceous appearance and becomes 
semi-transparent. 

Sago is manufactured from the pith of certain species of palm, natives of the 
East Indian islands. The tree is split so as to expose the pith, which is mixed 
•with water, and the starch, having been separated from the woody fibre in the 
usual manner, is pressed through a perforated metallic plate, which moulds it 
into small cylindersl these are placed in a revolving vessel and broken into rough 
spherical grains, which are steamed upon a sieve and dried. 

Tapioca is obtained from the roots of the Jatropliamaniliot, a native of America. 
The roots are peeled and subjected to pressure, which squeezes out a juice 
employed by the Indians to poison their arrows, and containing a deleterious sub- 
stance which has been named jatropldne. When the juice is allowed to stand it 
deposits starch, which is well washed, pressed through a colander, and dried at 
212° F. 

Oswego, or corn-flour, is the flour of Indian corn deprived of gluten by treat- 
ment with a weak solution of soda, 

595. Malting.— The tendency of starch to combine with the elements of water 
and pass into glucose (p. 706) is of immense importance in the chemistry of vege- 
tation, as well as in that of food. It is, indeed, the chief chemical change con- 
cerned in the development of living from inanimate matter, being one of the first 
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processes involved in the germination of seed— the first step in the' production 
veo-eoables, which must precede the animals whose food they compose. 

The components of all seeds are similar to those of wheat, which have been 
enumerated above ; if the seeds be perfectly dried immediately after the removal 
from the parent plant, they may be preserved for a great length of time unchanged 
and without losing the power *of germinating under favourable circumstances. 
The essential conditions of germination are the presence of air and moisture, and 
a certain temperature, which varies with the nature oi the seed. These conditions 
being fulfilled, the seed absorbs oxygen from the air, and evolves carbonic acid 
gas, produced by the combination of the oxygen with the carbon of one or more 
of the most alterable constituents of the seed, such as the vegetable albumin^ or 
the gluten. This process of oxidation is attended with evolution of heat, which 
serves to maintain the seed at a degree of warmth most favourable to germina- 
tion. The component particles of the albumin or gluten, having been set in 
motion by the action of the atmospheric oxygen, induce a movement or chernical 
change in the starch with which they are in contact, causing it to pass into 
dextrin and glucose, which, unlike the starch, are perfectly soluble in water, 
and capable of affording to the developing shoot the carbon, hydrogen, and oxygen 
which it requires for the increase of its frame. The production of glucose and of 
dextrin in germination is well illustrated by the sweet gummy character of the 
bread made from sprouted wheat, and is turned to practical account in the process 
of malting. 

During the germination of all seeds there is formed, apparently by the oxidation 
of one of the more alterable constituents, a peculiar substance containing carbon, 
hydrogen, nitrogen, and oxygen, which has never yet been obtained from any 
other source, and is characterised by its remarkable property of inducing the 
conversion of starch into dextrin and grape-sugar. This substance has been 
termed diastase {didaraais, dissension ; metajph. fermentation), but has never yet 
been obtained in a state of sufficient purity to enable its formula to be satis- 
factorily determined. It may be extracted, however, _ from_ malt, by grinding it 
and mixing it with half its weight of warm water, which dissolves the diastase ; 
the solution squeezed out of the malt is heated to about 179° filtered from any 
coagulated albumin, and mixed with absolute alcohol, which precipitates the 
diastase in white flakes. One part of diastase dissolved in water is capable of 
inducing the conversion of 2000* parts of starch into dextrin and grape-sugar, the 
diastase itself being exhausted in the process. A temperature of about 150° N. is 
most favourable to the action of diastase, which may be arrested entirely by 
raising the liquid to the boiling point. 

The great importance of diastase in the art of the brewer and distiller is at 


once apparent. In the process of malting barley, the gram is soaked in water, 
and afterwards spread out in thin layers upon the floor of a dark room (thus 
imitating the natural condition under which the seed germinates), which is main- 
tained as nearly as possible at a constant and moderate temperature (between 
55° and 62° F.) ; spring and autumn are, therefore, more favourable to malting 
than summer and winter. It soon evolves heat, and the grains begin to swell ; 
in the course of twenty-four hours the germination commences, and the radicle 
makes its first appearance as a whitish protuberance ; the grain is turned two or 
three times a day, in order to equalise the temperature. In about a fortnight the 
radicle has grown to about half an inch, by which time a sufficient quantity of 
diastase has been formed. In order to prevent the germination from proceeding 
further, the grain is killed by drying it at a temperature of 90° F. on perforated 
metelhc plates, vvhere it is_ afterwards heated to about 140° F., so as to render it 
brittle, after which it is sifted in order to separate the radicle, which is now 
easily broken off. This radicle is found to contain as much as ith of the total 
quantity of the nitrogen present in the barley, so that the malt dust, as the siftinns 
are called, forms a valuable manure. “ 

One hundred parts of barley generally yield about 80 parts of malt, but a nart 
of the loss IS due to water present in the barley, so that 100 parts of drv barlev 
yield 90 parts of ma.lt and 4 parts of malt dust, the difference, viz., 6 parts 
re^esenting the weight of the carbon converted into carbonic acid gas, of the 
hydrogen (if any) converted into water daring the germination, and of soluble 
matters removed from the barley in steeping. Malt contains about -^th of its 


• 100,000, according to more modern authorities. 


3 ° 
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■weight of diastase, far more than enough to ensure the conversion of the whole 
of its starch into sugar. 

The follo'wing table illustrates the change in composition suffered by barley 
during the process of malting, learung the moisture out of consideration : — 



Barley. 

After 

Steeping. 

14^ Days on 
Floor. 

Malt after 
Sifting. 

Malt Dust. 

Sugar 

Starch . . ) 

Dextrin . . ] 

Woody fibre 
Albuminous matter . 
Mineral matter . 

2.56 

80.42 

4.69 

9-03 

2.50 

1.56 

81.12 

i;.22 

9-83 

2.27 

12,14 

70.09 

5-03 

10.39 

2-35 

II. 01 

72.03 

4.84 

9-95 

2.17 

"•35 

43.68 

9.67 

26.90 

8.40 

100.00 

100.00 

100.00 

100.00 

100.00 


BREWING. 

596. In order to prepare beer, the brewer masses the ground malt with water at 
about 180° F., for some hours, •when the diastase induces the conversion, into 
dextrin and sugar, of the greater part of the starch which has not been so 
•changed during the germination, and the wort is ready to be drawn off for con- 
version into beer. The undissolved portion of the malt, or hreioers’ grains, still 
contains a considerable quantity of starch and nitrogenised matter, and is em- 
ployed for feeding pigs. 

That malt contains far more diastase than is necessary to convert its starch 
into sugar, is shown by adding a little infusion of malt to the viscid solution of 
starch, and maintaining it at about 150° F. for a few hours, when the mixture 
will have become far more fluid, and will no longer be coloured blue by solution 
of iodine. In distilleries, advantage is taken of the excess of diastase in malt, 
by adding three or four parts of unmalted grain to it, when the whole of the 
starch in this latter is also converted into dextrin and sugar, and the labour and 
expense of malting it are avoided. 

The wort obtained by infusing malt in water contains not only glucose, dextrin, 
and diastase, but a considerable quantity of nitrogenised matter formed from the 
gluten (or albuminous matter) of the barley. Before subjecting it to fermenta- 
tion, it is boiled with a quantity of hops, usually amounting to about ^V^h of the 
weight of the malt employed, which is found to prevent, in great measure, the 
tendency of the beer to become sour in consequence of the conversion of the 
alcohol into acetic acid. 

The hop contains about 10 per cent, of an aromatic yellow powder, called Inptilin, 
which appears to be the active portion, and contains a volatile oil of peculiar 
odour, together with a very bitter substance. 

The hopped wort is run off into a vat, where it is allowed to deposit the undis- 
solved portion of the hops, and the clear liquor is drawn off into shallow coolers, 
where its temperature is lowered as rapidly as possible to about 60° F., the cooling 
being usually hastened by cold water circulating through pipes which traverse 
the coolers. If the wort be cooled too slowly, the nitrogenised matter which it 
contains undergoes an alteration by the action of the air, in consequence of which 
the beer is very liable to become acid. 

The wort is now transferred to fhe fermenting tun, where it is made to ferment 
by the addition of yeast, usually in the proportion of -rJirth of its volume. 

Yeast has been depicted and described at p. 545. 

The yeast cells contain a substance somewhat resembling albumin, enclosed in 
a thin membrane, the composition of which is similar to that of cellulose. They 
also contain a peculiar nitrogenised body (invertase) resembling diastase, and 
capable of inducing the conversion of cane-sugar (Oj^H^jO,,) into glucose (CiHjjOj). 
Accordingly, when yeast is added to a solution of cane-sugar, the liquid is found 
to increase in specific gravity (a solution of cane-sugar having a lower density 
than one containing an equivalent quantity of glucose) previously to the com- 
mencement of fermentation, and the application of tests readily proves the pre- 
sence of glucose in the solution. 
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The glucose then undergoes the decomposition known as alcoholic fermentation, 

^"Sng the fermentation, the yeast cells are gradually broken up, so that a given 
quantity of yeast is capable of fermenting only a limited quantity of sugar On 
In average, 1 quantity of yeast containing between two and three parts of sol d 
matter is required to complete the fermentotion of 100 parts " 

tion remaining after the fermentation is found, to contain salts of ammonium, 
which have been formed at the expense of the nitrogen _ot the yeast. 

If the liquid in which the yeast excites fermentation contains nitrogenised 
matters and phosphates, the yeast-plant grows, and its quantity increases 1 tons 
in the sweet wort from malt, the yeast is nounshed by the altered gluten and by 
the phosphates, so that it increases to six or eight times its original weight. 

If yeasfbe heated to the boiling-point of water, the plant is kille^ as^mght be 
expected, and loses its power of inducing alcoholic fermentation ; but it may be 
dried at a low temperature, or by pressure, without losing its fermenting pow^, 
and dried yeast is an article of commerce. German dried yeast is produced in the 
fermentation of rye for making Hollands. , « 

In the fermentation of beer, the yeast is carried up to the surface by the effer- 
vescence due to the escape of the carbonic acid gas, and is eventually renm^d, 
in order to be employed for the fermentation of fresh quantities of wort. When 
the fermentation has proceeded to the required extent, the beer is stored for 

consumption. , , , 

It will be seen that the chief constituents of beer are the alcohol, the nitrogen- 
ised substance derived from the albuminous matter of the barley and not con- 
sumed in the growth of the yeast, the unaltered glucose and dextrin, the brown 
or yellow colouring matter formed during the fermentation, the essential oil and 
bitter principle of the hop. 

Beer also contains acetic acid (formed by the oxidation of the alcohol, page ^72), 
free carbonic acid, which gives it its sparkling character, together with the lactic 
and succinic acids and glycerine, formed as secondary products of the fermentation, 
and ammoniacal salts derived from the yeast. The soluble mineral substances 
from the barley are also present, minus the phosphates abstracted by the yeast. 
The proportions of the .constituents of course vary greatly, as will be seen from 
the following examples ; — 


Percentage. 

Allsopp’s 

Ale. 

Bass’s Ale. 

Strong Ale, 

■Whitbread’s 

Porter. 

Whitbread's 

Stout. 

Alcohol . 

6.00 

7.00 

8.65 

4.20 

6.00 

Acetic acid 

0.20 

0.18 

0.12 

0.19 

0.18 

Sugar and .other) 
solid matters f 

5-00 

4.80 

6.60 

S' 40 

6.38 


The dark colour of porter and stout is caused by the addition of a quantity of 
high-dried mall which has been exposed to so high a temperature in the kiln as to 
convert a portion of its sugar into a dark brown soluble substance called caramel. 
The peculiar aroma of beer is probably due to the presence of acetic ether, pro- 
duced during the fermentation. 

In some cases, when the operation of brewing has been badly conducted, the 
beer becomes rogiy or undergoes the viscous fermentation. In this case the glucose 
suffers a peculiar transformation, resulting in the production of a mucilaginous 
substance resembling gum in its composition. This change may be induced by 
yeast which has been boiled, or by water in which flour or rice has been steeped. 
During this viscous fermentation a part of the glucose is often converted into 
mannite (CoHnOg). 


WINES AND SPIEITS. 

S97. Wine is essentially composed of 8 or 10 parts of alcohol, with 85 or 90 of 
■water, together ■with minute quantities of certain fragrant ethers, of colouring 
matter, of potassium bitartrate, and of the mineral substances derived from the 
grape-juice. Glycerine and succinic acid are also found in wines, being secondary 
products of the alcoholic fermentation, ^ 
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Those wines in which the whole of the sugar has been fermented are known as 
dry wines ; whilst fruity ■wines still retain a considerable quantity of sugar. 

The preparation of wines differs from that of beer in the circumstance that no 
addition of ferment is necessary, ._the fermentation being spontaneous. Grape- 
juice contains, in addition to grape-sugar, vegetable albumin, potassium tartrate, 
and the usual mineral salts found in vegetable juices. The husks, seeds, and 
stalks of the grape contain a considerable quantity of tannin, together ■with certain 
blue, red, and yellow colouring matters. 

When the expressed juice remains fora short time in contact ■with the air, the 
germs or spores of yeast (p. 545) which float in the air are deposited on the surface 
of the juice, at the expense of which they begin to grow, exciting the ■vinous 
fermentation in the sugar, and a scum of yeast is formed upon the surface. If 
this fermentation takes place in contact with the husks of the dark grapes, the 
alcohol dissolves the colouring matter, and a red wine results ; whilst for the pro- 
duction of white wines, the husks, &c., are separated pre'viously to the fermenta- 
tion, and the juice is exposed as little as possible to the air. 

White wines are rather liable to become rojpy from viscous fermentation, but 
this is prevented by the addition of a small quantity of tannin, which precipitates 
the peculiar ferment. The tannin for this purpose is extracted from the husks 
and stalks of the grapes themselves, and already exists in red wine. 

Eed ■wines, such as port and claret, are often very astringent from the tannin 
dissolved out of the husks, &c., during the fermentation. Port wine, when freshly 
bottled, still retains in solution a considerable quantity of acid potassium tartrate 
or bitartrate of potash (KHC^H^Og), but after it has been kept some time, and 
become more strongly alcoholic, this salt is deposited, together ■with a quantity 
of the colouring matter, in the form of a crust upon the side of the bottle. Thus 
a dark fruity port becomes tawny and dry when kept for a sufficient length of 
time, the sugar having been converted into alcohol. 

When the wine contains an excess of tartaric acid, it is customary to add to it 
some neutral potassium tartrate (ILC^H^Oe), which precipitates the acid in the 
form of bitartrate. 

The preparation of champagne is conducted with the greatest care. The juice 
or must is carefully separated from the marc or husks, and is often mixed ■with 
I per cent, of brandy before fermentation. After about two months the ■wine is 
drawn off into another cask, and clarified with isinglass dissolved in white wine, 
and added in the proportion of about half an ounce to 40 gallons. This combines 
with the tannin to form an insoluble precipitate, which carries ■with it any im- 
purities floating in the wine. After another interval of two months, the wine is 
again drawn off, and a second clarification takes place ; and in two ihonths more 
the ■wine is drawn off into bottles containing a small quantity of pure sugar-candy 
dissolved in white wine. The bottles, having been securely corked and ■wired, 
are laid down upon their sides for eight or ten months, during which time the 
fermentation of the newly added sugar takes place, and the carbonic acid pro- 
duced dissolves in the wine, whilst a quantity of yeast is separated. In order to 
render the wine perfectly clear, the bottle is left for about three weeks in such a 
position that the deposit may subside into the neck against the cork, which is 
then unwired so that the pressure of the accumulated carbonic acid gas may force 
it out together with the deposit ; the bottle, having been rapidly filled up with 
white wine, is again corked, ■wired, covered with tinfoil, and sent into the market. 
Pink champagne is prepared from the must which is squeezed out of the marc 
after it has ceased to run freely, and contains a little of the colouring matter of 
the husk. The colour is also sometimes imparted by adding a little tincture of 
litmus. 

The proportion of alcohol in wines varies greatly, as will be seen from the 
follo^wing statement of the weight of alcohol in loo parts of the wine : — 

Port . . . 15 to 17 Claret . . . 8 to 9 

Sherry . . . 14 to 16 Rudesheimer . . 7 to 8.5 

Champagne . . ’ 11.5 

Sherry contains from i to 5 per cent, of sugar, port from 3 to 7 per cent., and 
Tokay 17 per cent. ; in the last case the sugar is increased by adding some of the 
must, concentrated by evaporation, to the ■wine, previously to bottling. 

The louqitet or fragrance of -wine is due to the presence of certain fragrant 
ethers (ethereal salts'), especially of cenanthic, pelargonic and acetic ether, formed 
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during the fermentation or during the subsequent storing of the wine. It is to 
the increased quantity of such fragrant ether that the superior bouquet of many 

old wines is due. . , . . x j 

Distilled spirits . — The varieties of ardent spirits are obtained from fermented 
liquids by distillation, so that they consist essentially of alcohol more or l^s 
diluted with water, and flavoured either with some of the volatile products of the 
fermentation, or with some essential oil added for the purpose. 

Brandy is distilled from wine, and coloured to the required extent with burnt 
sugar (caramel). Its flavour is due chiefly to the presence of cenanthic ether de- 
rived from the wine. The colour of genuine pale brandy is due to its having re- 
mained so long in the cask as to have dissolved a portion of brown colouring 
matter from the wood, and is therefore an indication of its age.^ Hence arose the 
custom of adding caramel, and sometimes infusion of tea, to impart the colour 
and astringency due to the tannin dissolved from the wood by old brandy. 

WMsley is distilled from fermented malt which has been dried over a peat fire, 
to which the characteristic smoky flavour is due. 

Gin is also prepared from fermented malt or other grain, and is flavoured with 
the essential oil of juniper, derived from juniper berries added during the distil- 
lation. 

Bum is distilled from fermented molasses, and appears to owe its flavour to the 
presence of butyric ether, or of some similar compound. 

Arrach is the spirit obtained from fermented rice. 

Kirschwasser and maraschino are distilled from cherries and their stones, which 
have been crushed and fermented. 

Some varieties of British brandy and whiskey are distilled from fermented 
potatoes, or from a mixture of potatoes and grain, when there distils over, together 
with ordinary alcohol, especially towards the end of the distillation, another spirit 
belonging to the same class, but distinguished from alcohol by its nauseous and 
irritating odour. This substance, which is known as j)otato-spirit, amylio alcohol, 
OT fusel oil (CjHjjO), also occurs, though in very minute quantity, in genuine wine 
brandy. The manufacturers of spirit from grain and potatoes remove a consider- 
able part of this disagreeable and unwholesome substance by leaving the spirit 
for some time in contact with wood-charcoal. 


BREAD. 

598. The chemistry of fermentation is intimately connected with the ordinary 
process of bread-making. It will be remembered that wheaten flour (p. 784) 
consists, essentially, of starch and gluten, with a little dextrin and sugar. • On 
mixing the flour with a little water, it yields a dough, the tenacity of which is 
due to the gluten present in the flour, if this dough be tied up in a piece of 
fine muslin, and kneaded under a stream of water, the starch will be suspended 
in the water, and will pass through the muslin, whilst the gluten will remain 
as a very tough elastic mass, which speedily putrefies if exposed to the air in 
a moist state, and dries up to a brittle horny mass at the temperature of boiling 
water. 

On analysis, gluten is found to contain carbon, hydrogen, nitrogen, and oxygen, 
in proportions which may be represented by the empirical formula C^^H^oNgO,, 
though it cannot be regarded as a single independent substance, but as a mixture 
of three substances very closely allied in composition. 

When gluten is boiled with alcohol, one portion refuses to dissolve, and has 
been named vegetable fhrin, from its resemblance to the substance forming the 
muscles of animals. "When the solution in alcohol is allowed to cool, it deposits 
a white flocculent matter, very similar to the casein which composes the curd of 
milk On adding water to the cold alcoholic solution, a third substance 
(glutin) is separated, which much resembles the albumin found so abundantly in 
the blood. 

The presence in gluten of three substances, similar to the three principal 
components of the animal body, leads us to form a high opinion of its value as a 
nutritive compound. But gluten itself, separated from the flour by the process 
above described, would be found very difficult of digestion, on account of its 
resistance to the solvent action of the fluids in the stomach ; indeed, the dough 
composed of flour and water is proverbially indigestible even when baked. In 
order to render it fit for food, it must be rendered spongy or porous, so as to 
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expose a larger surface to the action of the digestive fluids of the body ; the most 
direct method of efiiecting this is the one adopted in the manufacture of the 
aerated bread, and consists in mixing the flour with water which has been highly 
charged, under pressure, with carbonic acid gas ; the mixing having been effected 
in a strong closed iron vessel, an aperture in the lower part of this is opened, 
when the pressure of the accumulated gas forces the dough out into the air, and 
the gas which has been imprisoned in the dough expands, conferring great 
porosity and sponginess upon the mass in its attempt to escape. In another 
process for preparing unfermented bread, the flour is mixed with a little bicar- 
bonate of soda, and is then made into' a dough with water acidified with 
hydrochloric acid ; the latter, decomposing the bicarbonate of soda, liberates 
carbonic acid gas, which renders the bread porous. The sodium chloride formed 
at the same time remains in the bread. In the preparation of cakes .and pastry, 
the same object is sometimes attained by adding carbonate of ammonia to the 
dough ; when heat is applied in the baking, the salt is converted into vapour 
which distends the dough. 

In the common process of bread-making, however, the carbonic acid gas 
destined to confer sponginess upon the dough is evolved by the fermentation of 
the sugar contained in the flour ; the latter having been kneaded ■with the proper 
proportion (usually about half its weight) of water, a little yeast and salt are 
added, and the mixture is allowed to stand at a temperature of about 70° F. for 
some hours. The dough swells or rises considerably in consequence of the escape 
of carbonic acid gas, the sugar being decomposed into that gas and alcohol, as in 
ordinary fermentation. The spongy dough is then baked in an oven, heated to 
about 500° F., when a portion of the water and the whole of the alcohol are 
expelled, the carbonic acid gas being also much expanded by the heat, and the 
porosity of the bread increased. The granules of starch are much altered by the 
heat, and become far more digestible. Although the temperature of the inside of 
the loaf does not exceed 212° F., the outer portion becomes torrefied or scorched 
into crust. 

Oc'casionally, instead of yeast, leaven is employed, in order to ferment the 
sugar, leaven being dough which has been left in a warm place until decomposi- 
tion has commenced. 

The passage of new into stale bread does not depend, as was formerly supposed, 
upon the drying of the bread consequent upon its exposure to air, but is a true 
molecular transformation which takes place equally well in an air-tight vessel, 
and without any loss of weight. It is well known that when a thick slice of stale 
bread is toasted, which dries it still further, the crumb again becomes soft and 
spongy as in new bread ; and if a stale loaf be again placed in the oven, it is 
entirely reconverted into new bread. 

Wheaten flour is particularly well fitted for the preparation of bread on account 
of the great tenacity of its gluten. Next to wheat in this respect stands rye, 
whilst the other cereals contain a gluten so deficient in tenacity that it is impos- 
sible to convert them into good bread. 

Barley bread is close and heavy, since its nitrogenised matter is chiefly present 
in the form of albumin, which does not vesiculate like gluten during the fermen- 
tation. Even in wheaten flour the tenacity of the gluten is liable to variation, 
and in order to obtain good bread from a flour the gluten of which is inferior in 
this respect, it is customary to employ a minute proportion of alum. This addi- 
tion being considered unwholesome by some persons, it would be better to sub- 
stitute lime-water, which has been found by Liebig to have a similar effect. 
Sulphate of copper improves in a very striking manner the quality of the bread 
prepared from inferior flour, but this salt is far more objectionable than alum. 


TEA, COFFEE, ETC. 

599. A very remarkable instance of the application of chemistry to explain the 
use of vddely different articles of diet by different nations, -with a view to the 
production of certain analogous effects upon the system, is seen in the case of 
coffee, tea, Paraguay tea, and the liola nut (of Central Africa), which are very dis- 
similar in their sensible properties, and afford little or no gratification to the 
palate, o-wing what attractions they possess chiefly to the presence, in each, of 
one and the same active principle or alkaloid, which has a special effect upon the 
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animal economy. This alkaloid is known as caTcino or thcinc, and is associated, 
in the three articles of diet mentioned above, with various substances, which give 
rise to their diversity in flavour. , , ,, 

The raw coffee-berry presents, on the average, the following composition 

iCKjparfs of Ilaxo Coffee coxitain — 


Woody fibre 

Water 

Fat 

Sugar and gum . IS - 5 

Legumin, or some allied substance ..... 

Caffeine 

Caffeic acid 

Mineral substances 7.0 


When the raw berry is treated with hot water, the infusion, which contains the 
sugar and gum, the legumin, caffeine, and caffcic acid (CpHgO,), has none of the 
peculiar fragrance which distinguishes the ordinary beverage, and_ is due to an 
aromatic volatile oily substance termed caffcol (C„H,„ 0 „) formed during the roast- 
ing to which the berry is subjected before use. This volatile oil, which is present 
in very minute quantity, is produced from one of the soluble constituents of the 
berry (probably from the caffeic acid), for if the infusion of raw coffee be cv.apo- 
rated to dryness, the residue, when lieated, acquires the characteristic odour of 
roasted coffee. 

Acetic and palmitic acids are also found among the products of coffee-roasting. 

The roasting is effected in ovens at a temperature rather below 400“ F., when 
the berry swells greatly, and loses about :}th of its weight, becoming brittle, and 
easily ground to powder. It also becomes very much darker in colour, from the 
conversion of the greater part of its sugar into caramel (p. 709), which imparts 
the dark brown colour to the infusion ot coffee. If the roasting bo carried too 
far, a very disagreeable flavour is imparted to the coffee, by the action of heat 
upon the legumin and other nitrogenised substances contained in the berry. 

From 100 parts of the roasted coffee, boiling water extracts about 20 parts, 
consisting of caffeine, caffeic acid, caramel, legumin, a little suspended fatty- 
matter, fragrant volatile oil (caffeone), and salts of potassium (especially the phos- 
phate). The undissolved portion of the coffee contains, beside the woody fibre, a 
considerable quantity of nitrogenised (and nutritious) matter, and hence the 
custom, in some countries, of taking this residue together with the infusion. 

The constituents of the leaves of the tea-plant {Thea sinensis) exhibit a general 
similarity to those of the coffee-berry. In the fresh leaf we find, in addition to 
the woody fibre, a large quantity of a substance containing nitrogen, similar to 
legumin, an astringent acid similar to tannic acid, a small quantity of caffeine, and 
some mineral constituents. 

The aroma of tea does not belong to the fresh leaf, but is produced, like that of 
coffee, during the process of drying by heat, which develops a small quantity of 
a peculiar volatile oil, having powerful stimulating properties. The freshly dried 
leaf is comparatively so rich in this oil that it is not deemed advisable to use it 
until it has been kept for some time. 

Green and black tea are the produce of the same plant, the difference being 
caused by the mode of preparation. For green tea the leaves are dried over a 
fire as soon as they are gathered, whilst those intended for black tea are allowed 
to remain exposed to the air in heaps for several hours, and are then rolled with 
the hands and partially dried over a fire, these processes being repeated three or 
four times to develop the desired flavour. The black colour appears to be due to 
the action of the air upon the tannin present in the leaf. 

Boiling water extracts about 30 parts of soluble matter from 100 of black tea, 
and 36 from 100 of green tea. The principal constituents of the infusion of tea 
are tannin, aromatic oil, of which green tea contains about 0.8 and black tea 6.6 
per cent,, and caffeine, the proportion of which, in the dried leaf, varies from 
2.2 to 4.1 per cent., being present in larger quantity in green tea. 

The^ spent leaves contain the greater part of the legumin and a considerable 
quantity of caffeine, which may be extracted by boiling them with water and 
treating the decoction as at p. 753. ’ 

Cocoa and chocolate are prepared from the cacao-nut, which is the seed of 
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Theobroma cacaoj and is characterised by the presence of more than half of its 
■weight {minus the husk) of a fatty substance known as cacao-butter, and consist- 
ing of olein and stearin, which does not become rancid like the natural fats 
generally. The cacao-nut also contains a large quantity of starch, a nitrogenised 
substance resembling gluten, together with gum, sugar and theobromine, a feeble 
base very similar to caffeine, but having the composition C,H8N40„. 

The seeds are allowed to ferment in heaps for a short time, which improves 
their flavour, dried in the sun and roasted like coffee, which develops the peculiar 
aroma of cocoa. The roasted beans having been crushed and winnowed to sepa- 
rate the husks, are ground in warm mills, in which the fatty matter melts and 
unites with the ground beans to a paste, which is mixed with sugar and pressed 
into moulds. In the preparation of chocolate, vanilla and spices are also added. 

From the composition of cocoa and chocolate it is seen that, when consumed, 
as is usual, in the form of a paste, they would prove far more nutritious than mere 
infusions of tea and coffee. 


ANIMAL CHEMISTRY. 

600. Our acquaintance with the chemistry of the substances composing the 
bodies of animals is still very limited, although the attention of many accom- 
plished investigators has been directed to this bianch of the science. The reasons 
for this are to be found, first, in the susceptibility to change exhibited by 
animal substances when removed from the influence of life ; and secondly, in the 
absence, in such substances, of certain physical properties by which we might be 
enabled to separate them from other bodies with which they are associated, and 
to verify their purity when obtained in a separate state. Two of the most im- 
portant of these properties are volatility and the tendency to crystallise. When a 
substance can suffer distillation without change, it will be remembered that its 
boiling-point affords a criterion of its purity ; or if it be capable of crystallising, 
this may be taken advantage of in separating it from other substances which 
crystallise more or less easily than itself, and its purity may be ascertained from 
the absence of crystals of any other form than that belonging to the substance. 
But the greater number of the components of animal frames can neither be crys- 
tallised nor distilled, so that many of the analyses which have been made of such 
substances differ widely from each other, because the analj’st could never be sure 
of the perfect purity of his material ; and even when concordant results have 
been obtained as to the percentage composition of the substance, the formula 
deduced from it has been of so singular and exceptional a character as to cast 
very strong suspicion upon the purity of the, substance, 

Accordingly, the chemical formal® of a great many animal substances are per- 
fectly unintelligible, conveying not the least information as to the position in 
which the compound stands ■with respect to other substances, or the changes 
which it might undergo under given circumstances. 

Animal chemistry is, for the above reasons, in a very backward condition, as 
compared with vegetable and mineral chemistry, though an observation of the 
progress of research affords us the consolation, that a steady advance is being 
made towards a geneialisation of the facts which have been discovered, especially 
by deductive reasoning from those two other departments of the science. 

6or. Milk. — The chemistry of milk is well adapted to introduce the study of 
animal chemistry, because that liquid contains representatives of all the sub- 
stances which make up the animal frame ; and it is on this account that it 
occupies so high a position among articles of food. 

Although, to the unaided eye, milk appears to be a perfectly homogeneous fluid, 
the microscope reveals the presence of innumerable globules floating in a trans- 
parent liquid, which is thus rendered opaque. If milk be very violently agitated 
for several hours, masses of an oily fat (butter, p.' 780) are separated from it, and 
leave the liquid transparent. This fat was originally distributed throughout the 
milk, in minute globules, which were made to coalesce by the violent agitation. 

For the preparation of butter, it is usual tO' allow the milk to stand for some 
hours, when a layer of cream collects upon the surface, the proportion of which is 
very variable, but is generally about ^ of the volume of the milk.'*^ The 

* The separation of cream is now effected, in large dairies, by means of a centrifugal 
separator, making several thousand revolutions per minute. 
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,l-mmcd milh- lelains aLoat hall of the fatty matter, ^his cream contmnsab^^^^ 
•;<; t>er cent.(by weight) of fat, 3 per cent, of casein, and water. M pen the cream 
is^Lrncd, the fat globules are broken, and the fat unites intoasemi-solid 
batter, from which the butter-milk containing the ensem may be ?eparatea. If ttos 
be not done effectually, the casein which is left in the butter, being a mtrogemsc 
substance, will soon begin to decompose, and wiM induce a 
butter (p. 780), resulting in the formation of certain volatile 
to it a rancid and offensive taste and odour. To prevent this, salt is generid y 
added to butter which has been less carefully prepared, in order to P^rve the 
casein from decomposition. Bnltcr-milk contains about one-fourth of the tatty 

matter of the milk. . i ^rv,.,nnT 

Pure butter is essentially a mixture of steann, palmitm and olein with smaller 

quantities of other fats, such as butyrin, caprin, and caproin (p. 7oo> 

Fresh milk is slightly alkaline to test-papers, but after a short time it acquires 
an acid reaction ; and if it be then heated, it coagulates from the separation ot 
the casein. This spontaneous acidification of milk is caused by the fermentation 
oi the siioar of mil?*!, VJhlch results lu the production of lactic acicL 

If milk be maintained at a temperature of about 90° F., the fermentation results 
in the production of alcohol and carbonic acid, for although milk-sugar is not 
fermented like ordinary sugar, by contact with yeast, it appears, under the 
influence of the changing casein at a favourable temperature, to be converts 
first into grape-sugar (p. 706), and afterwards into alcohol and carbonic acid. 
The Tartars prepare an intoxicatingliquid which they call koumiss, by thefermen- 
tation of milk. . , . , - . 

When an acid is added to milk, the casein is separated in the form of curd, in 
consequence of the neutralisation of the soda which retains it dissolved in fresh 
milk, and this curd carries with it, mechanically, the fat globules of the milk, 
leaving a clear yellow whey. 

In the preparation of cheese, the milk is coagulated by means of rennet, which 
is prepared from the lining membrane of a calf’s stomach. This is left in contact 
with the warm milk for somehours, until the coagulation is completed. The curd 
is collected and pressed into cheeses, which are allowed to ripen in a cool place, 
where they are occasionally sprinkled with salt. The peculiar flavour which the 
cheese thus acquires is due to the decomposition of the casein, giving rise to the 
production of certain volatile acids, such as butyric, valerianic, and caproic, 
which have very powerful and characteristic odours. If this ripening be allowed 
to proceed very far, ammonia is developed by the putrefaction of the casein, and 
in some cases the ethers of the above-mentioned acids are produced, at the expense 
probably of a little sugar of milk left in the cheese, conferring the peculiar aroma 
perceptible in some varieties of it. 

The different kinds of cheese are dependent upon the kind of milk used in their 
preparation, the richer cheeses being, of course, obtained from milk containiDg a 
large proportion of cream ; such cheese fuses at a moderate beat, and makes good 
toasted cheese, whilst that which contains little butter never fuses completely, 
hut dries and shrivels like leather. Double Gloucester and Stilton are made from 
a mixture of new milk and cream •, Cheddar cheese is made from new milk alone •, 
Cheshire and American cheeses, from milk robbed of about one-eighth of its 
cream ; Dutch cheese and the Shim Dick of the midland counties, from skimmed 
milk. 

The characteristic constituents of milk are the casein and milk-sugar, hut the 
proportions in which these are present vary widely not only with the animal from 
which the milk is obtained, but with the food and condition of the animal. A 
general notion of their relative quantities, however, may be gathered from the 
following table : — 


Water . 

Fat 
Casein 
Albumin 
Milk-sugar . 
Mineral salts 
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The soluble salts present in milk include the phosphates and chlorides of 
potassium and sodium, whilst the insoluble salts are the phosphates of calcium, 
magnesium, and iron. All these salts are in great request for the nourishment of 
the animal frame. 

The milk supplied to consumers living in towns is subject to considerable 
adulteration ; but in most cases this is effected by simply removing the cream and 
diluting the skimmed milk with water, a fraud which is not easily detected, as 
might be supposed, by determining the specific gravity of the milk, for since 
milk is heavier than water (1.032 sp. gr.), and the fatty matter composing cream 
is lighter than water, a certain quantity of cream might be removed, and water 
added, without altering the specific gravity of the miik. 

The simplest method of ascertaining the quality of the milk consists in setting 
it aside for twenty-four hours in a tall narrow tube (lactometer or creamometer) 
divided into 100 equal parts, and measuring the proportion of cream which 
separates, this averaging, in pure milk, from eleven to thirteen divisions. _ The 
measurement of the cream is effected in fifty minutes by using a centrifugal 
separator, in which the tube containing the milk is placed in a case attached to a 
centrifugal apparatus making i2CX3 revolutions per minute. By shaking milk 
with a little potash and ether, the butter may be dissolved in the ether which 
rises to the surface, and if this be poured off and allowed to evaporate, the weight 
of the butter may be ascertained ; or the milk may be evaporated by a steam 
heat, and the fat dissolved by treating the residue with ether. The amount of 
fat is sometimes found by taking the specific gravity of the ethereal solution, 
and referring to a table giving the corresponding quantity of fat. One thousand 
grains of milk should give, at least, 27 or 28 grains of butter. Since, however, 
the milk of the same cow gives very different quantities of cream at different 
times, it is difficult to state confidently that adulteration has been practised. 
The standard usually adopted by analysts is 25 grains of fat or butter and 90 
grains of “ solids not fat ” in 1000 grains of mOk. 

602. Blood. — The blood, from which the various organs of the body directly 
receive their nourishment, is the most important, as well as the most complex, of 
the animal fluids. Its chemical examination is attended with much difiiculty, on 
account of the rapidity with which it changes after removal from the body of the 
animal. 

On examining freshly drawn blood under the microscope, it is observed to pre- 
sent some resemblance to milk in its physical constitution, consisting of opaque 
flattened globules floating in a transparent liquid ; the globules, in the case of 
blood, having a well-marked red colour. 

In a feW minutes after the blood has been drawn, it begins to assume a gela- 
tinous appearance, and the semi-solid mass thus formed separates into a red solid 
portion or clot, which continues to shrink for ten or twelve hours, and a clear 
yellow liquid or serum. It might be supposed that this coagulation is due to the 
cooling of the blood, but it is found by experiment to take place even more 
rapidly when the temperature of the blood is raised one or two degrees after it 
has been drawn ; and on the other hand, if it be artificially cooled, its coagula- 
tion is retarded. Indeed, the reason for this remarkable behaviour of the blood 
is not yet understood. 

If the coagulum or clot of blood be cut into slices, tied in a cloth, and well 
washed in a stream of water, the latter runs off with a bright red colour, and a 
tough yellow filamentous substance is left upon the cloth ; this substance is called 
fibrin, and its presence is the proximate cause of the coagulation of the blood, 
for if the fresh blood be well whipped with a bundle of twigs or glass rods, the 
fibrin will adhere to them in yellow strings, and the defibrinated blood will no 
longer coagulate on standing. If this blood, from which the fibrin has been ex- 
tracted, be mixed with a large quantity of a saline solution (for example, 8 times 
its bulk of a saturated solution of sodium sulphate), and allowed to stand, the 
red globules subside to the bottom of the vessel. 

These globules are minute bags of red fluid, enclosed in a very thin membrane 
or cell-wall, and if water were mixed with the defibrinated blood, since its specific 
gravity is lower than that of the fluid in the globules, it would pass through the 
membrane (by osmosis), and so swell the latter as to break it and disperse the 
contents through the liquid. 

The red fluid contained in these blood globules consists of an aqueous solution, 
containing as its principal constituents a substance known as globulin, which 
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very nearly resembles albumin, and the peculiar colouring matter of the blood, 
■which is called heematin, ^ . 

Beside these, the globules contain a little fatty matter and certain mineral con- 
stituents, especially the iron (which is associated in some unknown form with the 
colouring matter), the chlorides of sodium and potassium, and the phosphates of 
potassium, sodium, calcium, and magnesium. 

Though the quantities of these constituents arc not invariable, even in the same 
individual, the following numbers may be taken as representing the average com- 
position of these globules : — 

looo parts of Blood Glohilcs contavi — 


Water 
Globulin 
Hsematin 
Fat . 


Potassium . . . 3.328 

Phosphoric oxide (PnOj) . 1.134 

Sodium .... 1.052 

Chlorine .... 1.6S6 


6SS.00 
. . 282.22 

. 16.75 

2.31 

The Mineral Substances consist of— 


Organic substances of unknown) ^ 
nature . . . . J 

Mineral substances * . 


8.12 


Oxygen .... 0.667 

Calcium phosphate . . o. 114 

Magnesium phosphate . 0.073 

Sulphuric oxide (SO3) . 0.066 


The liquid in which the blood globules float is an alkaline solution containing 
albumin, fibrin and saline matters in about the proportions here indicated. 

1000 parts of Liquor Sanguinis contain — 

. . . 902.90 


Water 
Albumin . 
Fibrin 
Fat . 

Sodium . 
Chlorine . 
Potassium 
Oxygen . 


Organic substances of un-) 
known nature . . j 

Mineral substances . 


78.84 

. . 4.05 

. . 1.72 

ihe Mineral stibstances consist of — 


3-341 

3-644 

0.323 

0.403 


Phosphoric oxide (PjO^) 
Sulphuric oxide (SOj) 
Calcium phosphate . 
Magnesium phosphate 


3-94 

8.55 


0.191 

0.115 

0.311 

0.222 


The alkaline character of this liquid appears to be due to the presence of car- 
bonate and phosphate of sodium. 

603. Flesh. — ^The fibrin composing muscular flesh contains about three- 
fourths of its weight of water, a part of which is due to the blood contained in 
the vessels traversing it, and another part to the juice of flesh, which may be 
squeezed out of the chopped flesh. In this juice of flesh there are certain sub- 
stances which appear to play a very important part in nutrition. The liquid is 
distinctly acid, which is remarkable when the alkaline character of the blood is 
considered, and contains phosphoric, lactic, and butyric acid, together with 
creatine (p. 656), inosite (p. 697), and saline matters. By soaking minced flesh in 
cold water and well squeezing it in a cloth, a red fluid is obtained containing the 
juice of flesh mixed with a little blood. 

The saline constituents of the juice of flesh are chiefly phosphates of potassium 
and magnesium, with a little chloride of sodium. It is worthy of notice that 
potassium is the predominant alkali-metal in the juice of flesh, whilst sodium 
predominates in the blood, especially in the serum. 

According to Liebig, the acidity of the juice of flesh is chiefly due to the acid 
phosphate of potassium, whilst the alkalinity of the blood is caused by 

sodium phosphate, Na^HPO^ ; and it has been suggested that the electric currents 
which have been traced in the muscular fibres are due to the mutual action 
between the acid juice of flesh and the alkaline blood, separated only by thin 
membranes from each other, and from the substance of 'the muscles and nerves. 

The average composition of flesh may be represented as follows : — 

Water yg 

Fibrin, vessels, nerves, cells, &c. , . .17 

Albumin ....... 2.5 

Other constituents of the juice of flesh . 2. 5 


100.0 

* Exclusive of the iron which is associated with the hEematin. 
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■ Liebig’s extract of meat is prepared by exhausting all the soluble matters from 
the flesh with cold water, separating the albumin by coagulation, and evaporating 
the liquid at a steam heat to a soft extract. It contains about half its weight of 
water, 40 per cent, of the organic constituents of the juice of flesh (albumin 
excepted), and 10 per cent, of saline matter. 

Cooking of meat . — A knowledge of the composition of the juice of flesh explains 
the practice adopted, in boiling meat, of immersing it at once in boiling water, 
instead of placing it in cold water, which is afterwards raised to the boiling 
point. In the latter case, the water would soak into the meat, and remove the 
important nutritive matter contained in the juice ; whilst, in the former, the 
albumin in the external layer of flesh is at once coagulated, and the water is 
prevented from penetrating to the interior. In making soup, of course, the 
opposite method should be followed, the meat being placed in bold water, the 
temperature of which is gradually raised, so that all the juice of flesh may be 
extracted and the muscular fibre and vessels alone left. 

The object to be attained in the preparation of beef tea is the extraction of the 
whole of the soluble matters from the flesh, to effect which the meat should be 
minced as finely as possible, soaked for a short time in an equal weight of cold 
water, and slowly raised to the boiling point, at which it is maintained for a few 
minutes. The liquid strained from the residual fibrin contains all the constituents 
of the juice except the albumin, which has been coagulated. 

When meat is roasted, the internal portions do not generally attain a sufii- 
ciently high temperature to coagulate the albumin of the juice, but the outside 
is heated far above 212° F. ; so that the meat becomes impregnated to a greater 
extent with the melted fat, and some of the constituents of the juice in this part 
suffer a change, which gives rise to the peculiar flavour of roast meat. The brown 
sapid substance thus produced has been called osmazomi, but nothing is really 
known of its true nature. In salting meat, for the purpose' of preserving it, a 
great deal of the juice of flesh oozes out, and a proportionate loss of nutritive 
matter is sustained. 

604. Urine always contains a large proportion of alkaline and earthy salts, 
especially of sodium chloride, phosphate and sulphate of potassium, and phos- 
phates of calcium, magnesium, and ammonium. 

The average composition of human urine may be thus stated — 


Water . 

Urea . 

Uric acid 
Mucus . 

Hippuric acid, creatinine, ammonia, colouring matter, 
and unknown organic matters 
Chloride of sodium 
Phosphoric oxide (P„0.) 

Potash . . . " 

Sulphuric oxide (SO3) 

Lime . 

Magnesia 
Soda . 


;1 


956. So 

14- 23 
0.37 

0.16 

15- 03 

7.22 

2.12 

1-93 

1.70 

0.21 

0.12 

0.05 


999-94 

CHEMISTRY OP VEGETATION. 

605. Comparatively few of the elements enter into the composition of plants, 
and of those that do so only ten are, according to our present knowledge, abso- 
lutely essential to the growth of the plants ; these are carbon, hydrogen, oxygen, 
nitrogen, sulphur, phosphorus, potassium, calcium, magnesium, and, for plants 
containing chlorophyll, iron. At the same time sodium, silicon, and chlorine 
are invariably present; while manganese, fluorine, and minute quantities of other 
elements are generally to be found. 

The carbon, hydrogen, and oxygen occur in all the organic constituents of the 
plant. The nitrogen occurs in the albuminoids, together with a small quantity 
of the sulphur ; also in the amides, alkaloids, and nitrates. The metals occur as 
phosphates, nitrates, sulphates, and vegetable salts — chiefly oxalates, malates, 
tartrates, and citrates. 
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The carbon is derived by green plants from the carbon dioxide of the air, while 
plants destitute of chlorophyll are capable of deriving carbon from organic matter 
in the soil. The hydrogen and oxygen are derived from the water of the soil. 

The source from which the plant derives its nitrogen has long been a subject of 
discussion. This element, as it exists uncombined in the air, is not absorbed by 
the plant to any appreciable extent, if at all ; and the small quantities of ammonia 
and nitric acid in the air are quite inadequate to furnish the necessary supply for 
any extensive growth. The conclusion is that the nitrogen must be derived from 
the soil, and the beneficial effect of manuring with nitrates^ and ammonium salts 
supports this view. That nitrates are absorbed in solution by plant roots is 
certain, and nitrates are always fairly abundant in a fertile soil during the growing 
season, being produced by the nitrification (p. 142) of the ammonia derived from 
decaying vegetable matter, and in smaller degree from the rainfall ; it appears 
probable also that ammonia and amide-like substances in the soil can be absorbed 
to some extent directly, without previous nitrification. The old observation that 
the nitrates in the soil will not account for all the nitrogen in a leguminous crop, 
and that such crops are not benefited by the application of nitrogenous manures 
to the same extent as are other crops, points to the conclusion that legumes have 
some exceptional source of nitrogen at their disposal. The discovery on the roots 
of these plants of tubercules containing organisms which appear to be in symliosis 
(civ, together with; pios, life) with the plant, and to transform nitrogen, either from 
organic matter or from the atmosphere, into nitrogenous compounds which can 
be absorbed by the roots, and the discovery that inoculation with some soil which 
is productive for legumes will render fertile one previously barren for such growth, 
are recent results of this interesting and important inquiry. 

The sulphur and phosphorus are derived by the plant from sulphates and 
phosphates in the soil, while the other constituent elements are also derived from 
the mineral matter of the soil. 

It is thus seen that the plant takes up its elements in a highly oxidised con- 
dition, and that the chemical tendency of vegetables is to reduce to a lower state 
of oxidation the substances presented in their food, whilst animals exhibit a 
reciprocal tendency to oxidise the materials on which they feed. 

Soil is disintegrated rock, so that its composition will depend largely on the 
nature of the rook. To be fertile it must contain all the elements essential for 
plant growth (save carbon) in a condition available for absorption by the roots. 
Barely more than one per cent, of the soil is in such a condition, the rest serving 
to support the plant mechanically, and becoming slowly available by the process 
of weathering (p. go), which is much aided by ploughing, draining, and the 
various other operations of the farm. 

The chief constituents of a soil are sand, clay, carbonate of lime, and humus. 
The proportion which these bear to each other greatly influences the physical 
properties of the soil, and consequently its fertility and cost of working. It is also 
closely connected with the absorptive poioer of the soil, or its capability of fixing 
fertilising matter ; thus, humus retains the all-important ammonia, while the 
hydrated silicates, including clay, fix potash and phosphoric acid from any solu- 
tion containing these which may filter through the soil. 

The first three of the above constituents need no comment here. Humus is the 
name applied to the organic matter in the soil ; it consists of the brown and black 
substances resulting from the decay of previous vegetation. Sodium carbonate 
dissolves this brown humus to a brown solution, from which an acid precipitates 
a brown substance having a faintly acid reaction, and therefore termed vlmio 
acid (ulmus, an elm) ; according to some, the humus contains a portion insoluble 
in sodium carbonate, to which the name ulmin has been given. Black humus 
yields by the same treatment humic acid and humin. Two other acids, crenic and 
apocrenic, the former convertible into the latter by oxidation, have also been 
obtained from the humus, and these have been found in mineral waters. All 
these substances are of ill-ascertained composition. 

The humus is the store of nitrogenous matter, which, by slow nitrification 
becomes available for the plant. ’ 

When a soil comes under tillage, the crops raised upon it are consumed bv 
animals, and often removed to a distance, so that the mineral food and nitrogen 
contained in the soil are by degrees exhausted, and unless these are restored the 
soil becomes barren. To_ restore its fertility is the object of manuring, which con- 
.sists in adding to the soil substances which shall serve directly as plant food or 
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shall so modify by chemical adtion some material already present in the soil as 
to convert it into an available form. These two objects are often attained by one 
and the same manure. 

Manures either supply all the necessary plant foods — when they are termed 
general manures — or they supply some food which is especially wanting to enable 
the plant to flourish, and make use of food already existing in the soil, or perhaps 
to excite rapid growth at a critical period of its existence, when it is most sensitive 
to attacks of insects or vicissitudes of weather. Such are termed manures. 

Nitrogen, phosphorus, and potassium are the plant foods which are most rapidly 
exhausted and most generally needed. A general manure is accordingly valued 
by its content of these three elements, regard being had to the condition in 
which they exist ; for, if they are soluble, they will be more rapidly and thoroughly 
distributed through the soil, thus becoming immediately available as food ; if, on 
the other hand, they are in a condition not so available, the immediate benefit of 
the manure will be smaller, but it will last over a longer period, the constituents 
becoming soluble in the course of time. 

The various manures can receive but short notice here. Of general manures 
the most valuable is farm-yard manure, consisting of the solid and liquid excre- 
ment of the farm stock, together with the litter used to absorb the liquid. Its 
value will be controlled by the quality and quantity of this litter ; by the nature 
of the animals ; the richness of their food in N, PoOj and K^O ; whether they are in 
active work, in which case as much N, P0O5, and iLO is voided as is consumed in 
the food ; or being fattened, milked, or shorn, in which case some of the N, PoO^, 
and KjO will be stored in the carcase or removed as milk or wool. But its value 
is most affected by its after-treatment. If it be stacked, exposed to rain, 
and the drainings not preserved, much soluble N, P„ 0 , and K „0 will be lost, which 
is not the case if it be spread directly on the land." Fresh fa’rm-yard manure in a 
heap rapidly becomes rotten, fermenting and losing much carbon as carbon dioxide 
and marsh gas, but very little nitrogen. It thus becomes more valuable, as it is 
less weighty when rotten and contains more of its N and P^Og in a soluble con- 
dition. Eotten manure contains on an average 70 per cent. HJO, 2.7 percent. 
true ash, 0.6 per cent. N, 0.3 per cent. PjOj. and 0.5 per cent. KjO. 

Seaiceed is allowed to have a manurfal value approaching that of farmyard 
manure. 

Gtiano (Peruvian), the dried excrement of sea birds, contains, when it has been 
deposited in sheltered places, ammonium urate and other ammonium salts and 
nitrogenous matter (equivalent in all to 12 per cent. N) ; and the presence of 
calcium phosphate (26 per cent.) and small quantities of potassium salts renders 
this variety a valuable general manure. If, however, the guano has been deposited 
in exposed places (Mejillones), its nitrogen has been lost, and it becomes a special 
phosphatic manure, containing about 70 per cent, of calcium phosphate. 

Animal refuses of various kinds form general manures, valuable chiefly for their 
N, and vegetable matters will of course restore to the soil those mineral consti- 
tuents which they have previously removed. Sape caJce, the compressed refuse of 
the colza-oil factory, is a general manure of this kind. Green manuring has a 
special value, as it consists in keeping covered with vegetation soil which would 
otherwise be left fallow (and lose by drainage), and then ploughing-in the crop ; 
as this is generally a deep-rooted one, mineral constituents and nitrogen are 
thus brought up from the subsoil and left in a quickly available form in the surface 
soil for the use of shallower rooted crops. 

Special manures supply either nitrogen, phosphorus, potassium, or calcium, and 
less frequently sulphur, chlorine, and magnesium. 

The term nitrates as applied to manure usually implies sodium nitrate, the 
potassium salt being too expensive for use. Sodium nitrate supplies nitrogen in a 
Tery soluble, and therefore readily available, form, stimulating rapid growth. 
Its solubility renders it less effective in wet weather, as it is then washed through 
the soil ; for the same reason, it is best applied as a top-dressing after growth has 
begun. As the sodium is not taken up by the crop, it partly remains in the soil 
as sodium carbonate and silicate, and tends to render it stiff. Ammonium sulphate 
also supplies nitrogen, but is less rapid in its action, and better fitted for wet 
weather than is nitrate. The ammonia rapidly undergoes nitrification, and the 
nitric acid formed combines with the lime in the soil. The sulphuric acid, not 
being used by the plant, also combines with the lime. Both these lime salts tend 
to get washed away, so that this manure is liable to remove lime from the soil. 
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Diluted gas liqucr is sometimes used as a manure on account of its ammonia. 
Soot owes its chief value to its one or two per cent, of ammonia. 

Bones are of value for their phosphates (50 per cent.) and their nitrogen (3.5 
per cent.) ; they are slow in action, and last long. Bone ash and mineral phos- 
phates (coprolites, &c.), all of which contain no nitrogen, are occasionally used 
finely ground, but are generally employed for making svpcrpliospliatc (p. 334)- 
This most important manure is valued by the amount of monocalcium phosphate 
which it contains, though the manufacturer insists on this being calculated into 
tricalciuni phosphate and then called “ soluble phosphate ** or * ‘ phosphate rendered 
soluble.” For this soluble constituent, which should average iS to 20 per cent, in 
a mineral superphosphate, is rapidly spread through the soil by the rain, and is 
there reconverted into phosphates which are insoluble in pure water, but are very 
finely divided, and thus easily soluble in carbonic acid, and available as food. 
Dissolved hones have been partially converted into superphosphate by treatment 
with sulphuric acid, and of course contain nitrogen. Basic slag, or Thomas or 
Thomas- Gilchrist slag (p. 371), is now employed as a manure on account of its 
phosphorus ; it must be used in a very fine state of division. It contains 14 to 
19 per cent, of P-Oj, chiefly as the compound 4CaO.P,_.Oj, which is more soluble in 
saline solutions than is 3Ca0;P20_,. 

Potassium is supplied in hainit (p. 311), which contains 13 to 14 per cent. K^O. 
Other sources of this element are carnallite, wood ashes, hcct-sttgar refuse, and the 
sxdnt or yolh of raw wool. 

Dime as used by the agriculturist includes chalk, caustic lime, and slaked 
lime. It is more often employed for attacking the constituents of the soil 
than as a direct plant food, there generally being enough in the soil for that 
purpose. Lime neutralises organic acids in the soil, sweetening it, and hastens 
the decay of organic matter, rendering the N available and furnishing CO„ as a 
solvent for minerals. Its action on minerals is specially serviceable for decom- 
posing injurious iron compounds and the felspars, rendering the K„0 of these 
latter available. Some limestones, and all shells, contain small quantities of 
PjO,, itself valuable. 

'Common salt is chiefly of value for its chemical action on the soil and for de- 
stroying weeds and pests. Sodium chloride is always brought down in small 
quantity from the air by the rain. 

Gypsum and magnesium sulphate are occasionaUy used for a supply of sulphur. 

606. In some cases fertility is restored to an apparently exhausted soil, with- 
out the addition of manure, by allowing it to We fallow for a time, so that, under 
the influence of air, moisture, and frost, such chemical changes may take place 
in it as will again replenish it with food available for the crops. It is not even 
necessary in all cases that the soil should be altogether released from cultivation ; 
for, even though it may refuse to feed any longer one particular crop, it may 
furnish an excellent crop of a different description, and, which is more remark- 
able, it may, after growing two or three different crops, be found to have regained 
its power of nourishing the very crop for which it was before exhausted. Experi- 
ence of this has led to the adoption of a system of rotation of crops, by which a 
soil is made to yield, for example, a crop of barley, and then successive crops of 
clover, wheat, turnips, and barley again. 

The possibility of this rotation is partly accounted for by the difference in the 
mineral food removed by different crops ; thus, turnips and clover require much 
potash and lime, while wheat and barley require much phosphoric acid, so that, 
in alternating the turnips and clover with the wheat and barley, there may be 
sufficient time for some of the locked-up phosphoric acid of the soil to become 
available as food, 

^Moreover, the farm crops appear to differ in their capacity for feeding on the 
mineral substances present in the soil ; thus, there may be phosphoric acid in a 
soil which would be available for wheat, but perfectly useless for turnips, which 
are for this reason always greatly benefited by manuring with superphosphate. 
Again, cereal crops are more benefited by application of nitrates than are most 
other crops. 

An explanation of this is afforded by our knowledge of the difference in the 
depth to which the roots of various crops are capable of penetrating into the soil 
and consequently of drawing a supply of food from the subsoil. The benefit of 
rotation is also partly to be accounted for in this way. For where the residue of 
the preceding deep-rooted crop is allowed to remain on the land, the surface soil 
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■will become enriched with food collected from the subsoil, and thus rendered 
available for the shorter rooted crop when the residue is ploughed up. At the 
same time the opening up of the soil to different depths, caused by the differently 
penetrating roots, prevents the formation of the hard layer, or pan, which 
generally forms at the limit of the roots if the same ■crop be gro^vn continually. 

607. Our knowledge of the chemical operations taking place in the plant, and 
resulting in the elaboration of the great variety of vegetable products, is very 
slight indeed. We appear to have sufficient evidence that starch and sugar, for 
example, are constructed in the plant from carbonic acid and water, and that 
albuminoids result from the interaction of the same compounds, together with 
nitric acid, or ammonia, and certain sulphates and phosphates ; but the inter- 
mediate steps in these conversions are as yet unknown. 

All seeds contain starch or fat (or both), albuminoids, and mineral matters, 
these being provided for the nourishment of the young plant till its organs are 
sufficiently developed to enable it to procure its own food from the air and soil. 
The necessary conditions for germination are a suitable temperature (best at 28° 
to 34° 0 .), the presence of free oxygen, and moisture. It is to obtain this last 
that the seed is buried, light or darkness having little or no effect. The seed 
absorbs water and oxygen, and evolves carbon dioxide ; since the albuminous 
constituents are the most changeable substances present, it is probably these 
which undergo oxidation, part forming diastase, which excites the conversion of 
insoluble starch into soluble starch and sugar ; some of the albuminoids at the 
same time become soluble amides. The water absorbed dissolves these altered 
substances and the mineral matters, forming the sap to nourish the embryo. 
The seed swells, and the integument bursts, the radicle growing first and then the 
plumide; the former develops into the root, which absorbs the mineral constitu- 
ents and nitrogen in aqueous solution from the soil, while the latter, as the sap 
ascends, develops the leaves, the sugar of the sap becoming converted into cellu- 
lose for the purpose. Chlorophyll is then developed, and the decomposition of 
carbon dioxide and assimilation of carbon begins. As the roots act more quickly 
than the leaves, the young plant is relatively richer in mineral constituents and 
nitrogen than is the mature plant. The assimilation of carbon and decomposition 
of carbon dioxide proceed only in light, the volume of oxygen evolved being 
equal to that of the carbon dioxide absorbed,* so that the formation of cellulose 
might be regarded as occurring directly by the action of the carbon dioxide on 
the water of the sap, thus ; — fiCOo + sHzO = CgHjdOj + O,,. The compounds, what- 
ever they may be, that are formed by the assimilating process are altered and 
rendered soluble by a process of oxidation known as metdbolis, accompanied 
by evolution of carbon dioxide— a veritable respiration, in fact, which goes on in 
light or dark, though in the light the evolved carbon dioxide is masked by the 
larger evolution of oxygen. Osmosis is concerned in the passage of the soluble 
matters from cell to cell. 

By growing plants in water in which one particular constituent element is con- 
tained in very small proportion or is absent, it has been ascertained that potasium 
is concerned in the formation of starch and other carbohydrates ; calcium in 
the formation of cellulose ; iron in the formation of chlorophyll ; chlorine in the 
translocation of starch ; phosphorus, sulphur, and nitrogen in the formation of 
albuminoids. The mission of calcium is also shown by the fact that wheat has a 
tendency to lay or lodge where the soil is poor in this element. 

In annual plants the formation of seed is carried on at the expense of the rest 
of the plant, which becomes exhausted, starch and albuminoids being transferred 
to the seed. In biennial and perennial plants the advent of autumn is accompanied 
by a transference of food from the stem and leaves to the roots, tubers, or pith, to 
form a basis for growth next spring, exhaustion and death occurring in the case 
of biennial plants at seed-time, and the rotation recurring in the case of perennials. 

608. With respect to the ripening of fruit, we know a little more concerning 
the chemical changes which it involves. Most fruits, in their unripe condition, 
contain cellulose, starch, t and some one or more vegetable acids, such as malic, 
citric, tartaric, and tannic, the last being almost invariably present, and causing 

® It has been sugejested that formic aldehyde is first produced, 00o-|-Il20 = 0H20 + 0 j 
and that this is subsequently polymerised to glucose, OsHioOe. The recent production 
of acrose from formic aldehyde (p. 714) supports this view. 

t Some doubt exists as to the presence of starch in fruit. 
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the peculiar roughness and astringency of the unripe fruit. The characteristic 
constituent of unripe fruits, however, is pcctosc, a compound of carbon, hydropn, 
and oxvEen, the composition of which has not been exactly determined. Pectose 
is quite insoluble in water, but during the ripening of the fruit it unde^oes a 
change induced by the vegetable acids, and is converted into pectin (Oj2114o^m)i 
which is capable of dissolving in water, and yields a viscous solution the 
maturation proceeds, the pectin itself is transformed into jiccOc acid (CjoHjjOjs) 
and nedosic acid which are soluble in boiling water,'yielding solutions 

which gelatinise on cooling. It is from the presence^ of these acids, therefore, 
that many ripe fruits are so easily convertible into jellies. 

Whilst the fruit remains green, its relation to the atmosphere appears to be the 
same as that of the leaves, for it absorbs carbon dioidde and evolves oxygen ; but 
when it fairly begins to ripen, oxygen is absorbed frotO the air and carbon dioxide 
evolved, whilst the starch and cellulose are converted into sugar under the 
influence of the vegetable acids (p. 706), and the fruit becomes sweet. The con- 
version of starch and cellulose (CJI.oOJ into sugar (OoH,„0„) would simply require 
the assimilation of the elements of water, so that the absorption of oxygen and 
evolution of carbon dioxide are probably necessary for the conversion of the 
tannic and other acids into sugar. For example — 

-b H ,0 -b 0 ,, = + 8 C 0 „. 

Tannic acid. Frnit-sugor. 

+ O, = 0eH,,0„ -b 3H„0 -b 6C0,. 

Tartaric acid. 

When the sugar has reached its maximum, the ripening is completed ; and if the 
fruit be kept longer, the oxidation takes the form of ordinary decay. 

A change in composition, similar to that caused by ripening, is effected by 
cooking the unripe fruit. 

609. The scheme of natural chemistry would not be complete unless provision 
were made for the restoration of the constituents of plants, after death, to the 
atmosphere and soil, where they might afford food to new generations of plants. 
Accordingly, very shortly after the death of a plant, if sufficient moisture be 
present, the spores of ferments acquired from the air begin to develop, the change- 
able nitrogenised (albuminous) constituents begin to putrefy, and the change is 
communicated to the other parts of the plant, under the form of decay, so that 
the plant is slowly consumed by the atmospheric oxygen, its carbon being recon- 
verted into carbonic acid, its hydrogen into water, and its nitrogen into ammonia, 
these substances being then transported in the atmosphere to living plants which 
need them, while the mineral constituents of the dead plants are washed into the 
soil by rain. 

Moist wood is slowly converted by decay into hujnus. When it is desired to 
preserve wood from decay, it is impregnated with some substance which shall 
form an unchangeable compound with the albuminous constituents of the sap. 
Kreasote (page 693) and corrosive sublimate (kyanising) are occasionally used for 
this purpose, the wood being made to imbibe a diluted solution of the preserva- 
tive, either by being soaked in it or xmder pressure. 

In JBoucherie’s process for preserving wood, the natural ascending force of the, 
sap is ingeniously turned to account in drawing up the preservative solution. A 
large incision being made around the lower part of the trunk of the growing tree, 
a trough of clay is built up around it, and filled with a weak solution of sulphate 
of copper, peracetate of iron, or calcium chloride. Even after the tree has been 
f eUed, it may be made to imbibe the preserving solution whilst in a horizontal 
position, by enclosing the base of the trunk in an inapermeable bag supplied with 
the liquid from a reservoir. The impregnation of the wood with such solutions 
not only prevents chemical decay, but renders it less liable to the attacks of 
insects and the growth of fungi. 


NUTEITION OF ANIMALS. 

610. Between the chemistry of vegetable and that of animal life there is this 
fundamental distinction, that the former is eminently constructive and the latter 

destructive. The plant, _ supplied with compounds of the simplest kind carbonic 

acid, water, and ammonia — constructs such complex substances as albumin and 
sugar ; whilst the animal, incapable of deriving sustenance from the simpler 

3E- 
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oompoTinds, being fed witb those of a more complex character, converts them 
eventually, for the most part, into the very materials with which the construc- 
tive work of the plant began. It is indeed true that some of the substances 
deposited in the animal frame, such as fibrin, and gelatinous matter, rival in com- 
plexity many of the products of vegetable life ; but for the elaboration of these 
substances, the animal must receive food somewhat approaching them in chemical 
composition. It is to this nearer resemblance between the food of animals and 
the proximate constituents of their frames, that we may partly ascribe the greater 
extent of our knowledge on the subject of the nutrition of animals, which is, 
however, far from being complete. 

The ultimate elements contained in the animal body are the same as those of the 
vegetable, but the proximate constituents are far more numerous and varied. 

The bones containing the phosphates and carbonates of calcium and magnesium 
together with gelatinous matter, require that the animal should be supplied with 
food which, like bread, contains abundance of phosphates, as well as the nitro- 
genised matter (gluten) from which the gelatinous substance may be formed. In 
milk, the food of the young animal, we have also the necessary phosphates, whilst 
the casein affords the supply of nitrogenous matters. 

Muscular flesh finds, in the gluten of bread and the casein of milk, the nitro- 
genised constituent from which its fibrin might be formed with even less trans- 
formation than is required for the gelatinous matter of bone, since the com- 
position of fibrin, gluten, and casein is very similar. The albumin and fibrin of 
the blood have also their counterparts in the gluten and casein of bread and 
milk, whilst all the salts of the blood may be found in either of these articles of 
food. 

Bread and milk, therefore, may be taken as excellent representatives of the food 
necessary for animals, and the same constituents are received in their flesh diet by 
animals which are purely carnivorous, but the flesh contains them ,in a more 
advanced stage of preparation. 

It is natural to suppose that the fat, which contains no nitrogen, should be 
supplied by those constituents of the food which are free from that element, such 
as the starch in bread, and the sugar and fat in milk. 

Before the food can be turned to account for the sustenance of the body, it 
must undergo digestion, that is, it must be either dissolved or otherwise reduced 
to such a form that it can be absorbed by the blood, which it accompanies into 
the lungs to undergo the process of respiration, and thus to become fltted to serve 
for the nutrition of the various organs of the body, since these have to be con- 
tinually repaired at, the expense of the constituents of the blood. 

The first step towards the digestion of the food is its disintegration effected by 
the teeth with the aid of the saliva, by which it should be reduced to a pulpy mass. 
The saliva is an alkaline fluid characterised by the presence" of a peculiar albumin- 
ous substance called {nrita to spit), which easily putrefies. The action of 

saliva in mastication is doubtless in great part a mechanical one, but it is possible 
that its alkalinity assists the process chemically, by partly emulsifying the fatty 
portions of the food. The ptyalin also acts as a ferment, converting starch into 
sugar. This disintegration of the food is of course materially assisted by the 
cooking to which it has been previously subjected, the hard and fibrous portions 
having been thereby softened. 

The food now passes to the stomach, in which it remains for some time, at the 
temperature of the body (98° F.), in contact with the gastric juice, the chief 
chemical agent in the digestive process. The gastric juice which is secreted by 
the lining membrane of the stomach is an acid liquid, containing hydrochloric 
and lactic acids. It is characterised by the presence of a peculiar substance 
belonging to the albuminous class of bodies, which is called pepsin to 

digest), and possesses the remarkable power of enabling dilute acids, by its mere 
presence, to dissolve such substances as fibrin and coagulated albumin, 'which 
would resist the action of the acid alone for a great length of time. 

An imitation of the gastric juice may be made by digesting the mucous mem- 
brane of the stomach for "some hours in warm very dilute hydrochloric acid. The 
acid liquid thus obtained is capable of dissolving meat, curd, &c., if it be main- 
tained at the temperature of the body. The pepsin prepared from the stomach 
of the pig and other animals is sometimes administered medicinally in order to 
assist digestion. 

The principal change which the food suffers by the action of the gastric juice 
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is the conversion of the fibrinous and albuminous constituents into soluble forms 
(peptones ) ; the starch is also partly converted into dextrin and sugar, but the 

fatty constituents are unchanged. ' „ j i,... 

The food which has thus been partially digested in the stomach is called hy 
physiologists chyme, and passes thence into the commencement of the intestines 
(the duodenum) where it is subjected to the action of two more chemical agents, 
the hile and thepancrcatic juice. ^ l 

61 1. Bile consists essentially of a solution of two salts known as glycocholate 
and taurocholate of sodium. Both glycocholic and taurocholic acids are resinous, 
and do not neutralise the alkali, so that the bile has a strong alkaline character. 
Another characteristic feature of this secretion is the large proportion of carbon 
which it contains. Glycocholic acid contains 67 per cent, of carbon, whilst tauro- 


cholic acid contains 61 per cent. 

The special function of the bile in the digestion of the food has not been ex- 
plained, but from its strongly alkaline reaction it does not appbar improbable that 
it assists in the digestion of fatty substances. , . . . . ' 

The pancreatic juice is another alkaline secretion which differs from the bile in 
containing a considerable quantity of albumin, and is very putrescible.^ Its par- 
ticular ofSce in digestion appears to consist in promoting the conversion of the 
starchy portions of the food into sugar, though it also has a powerful action 
upon the fats, causing them to form an intimate mixture, or emulsion, with 
water, and partly saponifying them. The digestion of the starch and sugar is 
completed by the action of the intestinal jluid in the further passage of the food 
through the intestines , so that when it arrives in the small intestines, all the 
soluble matters have become converted into a thin milky liquid called c7ii/?e, which 
has next to be separated mechanically from the insoluble portions, such as woody 
fibre, &c., which are excreted from the body. 

This separation is effected in the small intestines by means of two distinct sets 
of vessels, one of which (the mesenteric veins) absorbs the dissolved starchy por- 
tions of the food, and conveys them to the liver, whence they are afterwards 
transferred to the right auricle of the heart. The other set of vessels (lacteals) 
absorbs the digested fatty matters, and conveys them, through the thoracic duct, 
into the subclavian vein, and thence at once into the right auricle of the heart. 

From the right auricle this imperfect blood passes into the right ventricle of 
the heart, and is there mixed with the blood returned from the body by the veins,- 
after having fulfilled its various functions in the system. The mixture, which has 
the usual dark brown colour of venous blood, is next forced, by the contraction 
of the heart, into the lungs, where it is distributed through an immense number 
of extremely fine vessels traversing the lungs, in contact with the minute tubes 
containing the inspired air, so that the venous blood is only separated from the 
air by very thin and moist membranes. Through these membranes the dark 
venous blood gives up the carbonic acid gas with which it had become charged 
by the oxidation of the carbon of the organs in its passage through the body, and 
acquires, in return, about an equal volume of oxygen, which converts it into the 
bright crimson arterial blood. In this state it returns to the left side of the heart, 
whence it is conveyed, by the arteries, to the different organs of the body. The 
chemistry of the changes effected and suffered by the blood in its circulation 
through the body is very imperfectly understood. 'One of its great offices is the 
supply of the oxygen necessary to oxidise the components of the various organs, 
and thus to evolve the heat which maintains the body at its high temperature. 
The results of the oxidation of these organs are undoubtedly very numerous ; 
among them we may trace carbonic, sulphuric, phosphoric, lactic, butyric, and 
uric acids, as well as urea and some other substances. The destroyed tissues must 
at the same time be replaced by the deposition, from the blood, of fresh particles 
similar to those which have been oxidised. In the course of the blood through 

the circulation, the above products of oxidation have to be removed from it the 

carbonic acid by the lungs and skin — the sulphuric, phosphoric, and uric acids 
and the urea, by the kidneys. ’ 

various liquid secretions of the body, such as the bile, the saliva, the gastric 
juice, &c., have also to be elaborated from the blood during its circulation through 
the arteries, after which it returns, by the veins, to the heart, to have its com 
position restored by the matters derived from the food, and to be reconverted 
into arterial blood in the lungs. 

IVhen it is remembered that the body is exposed to very considerable variations 
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of external heat and cold, a question occurs as to the provision made for main- 
taining it at its uniform temperature. This is effected through the agency of the 
fat which is deposited in all the organs of the body. Since fatty substances in 
general are particularly rich in carbon and hydrogen, their oxidation within the 
body would be attended with the production of more heat than that of those parts 
of the organs which contain much nitrogen and oxygen. Accordingly, when the 
body is exposed to a low temperature, a larger quantity of its fat is consumed by 
the oxidising action of the blood, and a corresponding increase takes place in the 
amount of &at evolved, thus compensating for the greater loss of heat suffered 
by the body in the cooler atmosphere. Of course, in cold weather, when more 
oxygen is required to maintain the heat of the frame, a larger quantity of that 
gas is inhaled at each breath, on account of the higher specific gravity of the air, 
in addition to which we have the quickened respiration which ^ways attends ex- 
posure to cold. To supply this extra demand for carbon and hydrogen in cold 
weather, we instinctively have recourse to such substances as fat, starch, sugar, 
&c., which contain them in large proportion, and these aliments, free from nitro- 
gen, are often spoken of as the respiratory constituents of food ; whilst flesh, gluten, 
albumin, &c., which contain nitrogen, are styled the plastic elements of nutrition 
(TrXretrcrw, to form). 

Bearing in mind that the food has a two-fold office — to nourish the frame and 
to maintain the animal heat — it will be evident that a judiciously regulated diet 
will contain due proportions of these nitrogenous constituents, such as albumin, 
fibrin, and casein, which serve to supply the waste of the organs, and of such 
non-nitrogenised bodies as starch and sugar, from which fat may be elaborated 
to sustain the bodily warmth. 

■ Albuminoid ratio . — The proportion which these two parts of the food should 
\ bear to each other will, of course, depend upon the particular condition of exist- 
ence of the animal. Thus, for a growing animal a larger proportion of the 
nitrogenised or plastic portion of food would be required than for an animal 
whose growth has ceased ; and animals exposed to a low temperature would 
require more of the non-nitrogenised or heat-giving portion of the food. 

Accordingly, we find that a man can live upon a diet which contains (as in the 
case of wheaten bread) 5 parts of non-nitrogenised (starch and sugar) to i part 
of nitrogenised food (gluten) ; whilst an infant, whose increasing organs require 
rhore nitrogenised material, thrives upon milk, in which this amounts to 1 part 
(casein) for every 4 parts of the non-nitrogenised portion (milk-sugar and fat). The 
inhabitants of cold climates consume, as is well known, much more oil and fat 
than do those of the temperate and hot regions. 

An examination of the composition of different articles of food affords us an 
explanation of the custom which experience has warranted, of associating par- 
ticular varieties of food. Thus, assuming as our standard of comparison the 
composition of bread, which contains one of nutritive to five of heat-giving 
matter, the propriety of eating potatoes (i nutritive : 10 heat-giving) with beef 
(i nutritive : 1.7 heat-giving), and rice (i : 12.3) with mutton (1 : 2.7), will be 
appreciated. 

All muscular or mental exertion is attended with a corresponding oxidation of 
the tissues of the frame, just as each movement of a steam-engine may be traced 
to the combustion of a proportionate quantity of coal under the boiler, and hence' 
such exertion both creates a demand for food, and quickens the respiration to 
obtain an increased supply of oxygen. ' - 


CHANGES IN THE ANIMAL BODY AFTER DEATH, 

612. After the death of animals, just as after that of plants, a change takes 
place in some of the nitrogenous constituents, attended by the development of 
living organisms of a very low order, and .this change is soon communicated to all 
parts of the body, which undergoes a putrefaction or metamorphosis, of which the 
ultimate results are the conversion of the carbon into carbonic acid, the hydrogen 
into water, the nitrogen into ammonia, nitrous and nitric acids, and the sulphur 
into sulphuretted hydrogen and sulphuric acid. The mineral constituents of the 
^mal frame then mingle with the surrounding soil, and are ready to take part 
in the nourishment of plants, which construct the organic components of their 
frames from the carbonic acid and ammonia furnished by the putrefaction of the 
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animal and then serve in their turn as sustenance for animals whose respiration 
supplies the air with carbonic acid gas and takes in exchange the oxygen elimi- 
nated by the plant. . , r r 

The functions of the two divisions of animate nature are, therefore, pertectly 
reciprocal, and this relationship must be regarded as the foundation of econoniical 
agriculture. If it were possible to prevent the change of the atmosphere, it is 
quite conceivable that a perpetual succession of plants and animals could be raised 
upon a given farm without any importation of food, provided that there wim also 
no exportation. Or even, permitting an exportation of food, the succession of 
plants and animals raised upon the same land might be, at least, a very long one, 
if the solid and liquid excrements of the animals, to feed whom this exportation 
took place, were restored to the land upon which this food was raised. The ex- 
planation of this is, that the solid and liquid excrements of the animal contain a 
very large proportion of the mineral constituents of the soil, in the very state in 
which they are best fitted for the assimilation by the crop, and as long as the soil 
contains the requisite supply of mineral food, the plant can derive its organic 
constituents from the atmosphere itself. 

Forasmuch, however, as the vegetable and animal food produced upon a farm 
is generally exported to feed the dwellers in towns, whose excrements cannot, 
without excessive outlay, be returned to the soil whence the food was derived, it 
becomes necessary for the agriculturist to purchase farm-yard manure, guano, 
&c., in order to prevent the exhaustion of his soil. A great manufacturing 
country, in which the majority of the inhabitants are congregated in very large 
numbers around a few centres of industry, at a distance from the land under 
tillage, is thus of necessity dependent for a considerable proportion of its food 
upon more thinly populated countries where manufactures do not flourish, to 
which it exports in return the produce of the labour which it feeds. 

The parts of the frames of animals differ very considerably in their tendency to 
putrefaction. The blood and muscular flesh undergo this change most readily 
as being the most complex parts of the body, whilst the fat remains unchanged 
for a much longer period, and the bones and hair will also resist putre- 
faction for a great length of time. The comparative stability of the fat is 
observed in the bodies of animals which have been buried for some time in a 
very wet situation, when they are often found converted almost entirely into a 
mass of adipocere, consisting of the palmitic and stearic acids derived from the 
fat. 

When an animal body is thoroughly dried, it may be preserved unchanged for 
any length of time, and this is the simplest of the methods adopted for the pre- 
servation of animal food, becoming far more efficacious when combined with the 
use of some antiseptic substance, such as salt, sugar, spice, or kreasote. The 
preservative effects of salt and sugar are sometimes ascribed to the attraction 
exerted by them upon moisture, which they withdraw from the flesh, whilst spices 
owe their antiseptic power to the essential oils, which appear to have a specific 
action in arresting fermentative change, a character which also belongs to krea- 
sote, carbolic acid, and probably to other substances which occur in the smoke of 
wood, well known for its efficacy in curing animal matter. Such substances are 
often called anti-zymotic bodies ; carbolic, salicylic, benzoic, and boric acids are 
classed under this head. 

A process commonly adopted for the preservation of animal and vegetable food 
consists in heating them with a little water in tin canisters, which are sealed air- 
tight as soon as the steam has expelled all the air, and if the organic matter be 
perfectly fresh, this mode of preserving it is found very successful, though if 
putrefaction has once commenced, to ever so slight an extent, it will continue 
even in the sealed canister quite independently of the air. 

Modern experiments have disclosed a great imperfection in our acquaintance 
with the conditions under which putrefaction takes place, and indicate the pre- 
sence in the atmosphere of some minute solid particles which appear to be minute 
ova or ^rms, and have the power of inducing the commencement of this change. 
It has been found that milk, for example, may be kept for a very considerable 
period without putrefying, if it be boiled in a flask, the neck of which is after- 
wards loosely stopped with cotton wool, whilst, if the plug of cotton wool be 
omitted, the other conditions being precisely the same, putrefaction will takenlace 
very speedily. ^ 

Perfectly fresh animal matters have also been preserved for a length of time in 
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that state, in vessels containing air which has been passed through red-hot tubes 
with the view of destroying any living germs which might he present, and such 
substances have been found to putrefy as soon as the unpurified air was allowed 
access to them. 

The extremes of the scale of animated existence would appear to meet here. 
The highest forms of organised matter, immediately after death, serve to nourish 
some of the lowest orders of living germs, these helping to resolve the complex 
matter into the simpler forms of carbonic acid, ammonia, &c., which are returned 
to the atmosphere, the great receptacle for the four chief ''elements of living 
matter — carbon, hydrogen, nitrogen, and oxygen. 
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Absinthe, 729 
Absolute boiling point, 25 
Absorption, bands, 304 
spectra, 304 
Acenapbtbene, 536 
Acetacetio acid, 606 
ether, 622 
Acetal, 564 

Acetaldehyde hydrazone, 564 
Acetamide, 647 
Acetanilide, 645 
Acetates, 573 
Acetic acid, 572 

anhydrous, 575 
glacial, 573 
synthesis of, 574 
aldehyde, 562 
anhydride, 575 
chloride, 617 
ether, 622 
peroxide, 575 
series oi acids, 569 
Acetification, 572 
Acetimido-ether, 648 
Aceto-acetic acid, 606 
Acetol, 605 
Acetone, ^4 

hydrazone, 606 
propione, ^4 
Acetones, 603 
Aceto-nitrile, 647, 678 
Acetophenone, 605 
Acetoxime, 606 
Acetyl, 574 

bromide, 618 
carbamldes, 652 
chloride, 617 
creosol, 694 
dioxide, 575 
hydrate, 582 
hydride, 575 
iodide, 618 
ui-ea, 652 

Acetylene, loi, 523 

detected in coal-gas, 120 
dichloride, 524 
formed from ethylene, 104 
prepared from ether, 100 
series, 522 
synthesis of, 104 


Acetylene tetraehloride, 524 
Acetylldes, 523 
Achro-dextrin, 716 
Acid, 17, 32 

chlorides, 187 
defined, 32 
radicles, 575 
salts, defined, 158 
Acids, acetic series, 369 
acrylic series, 569 
aromatic scries, 583 
basicity of, 158 
benzoic series, 570, 581 
dibasic, 93, 158 
lactic series, 570 
monobasic, 149, 158 

diatomic, 570, 584 
organic, 568 
oxalic series, 570, 591 
polybasic, 125, 130, 158 
sorbic series, 569, 581 
structure of, 252 
'tetrabasic, 158 
tribasic, 158 

volatile, separation of, 578 
Acidulous waters, 58 
Aconine, 761 
Aconitlc acid, 603 
Aconitine, 761 
Acridine, 747 

yellow, 747 
Acrolein, 565 
Acrose, 714 
Acrylic acid, 578 

- aldehyde, 565 

series of acids, 569, 578 
Actinic rays, 165 
Adapter, 100 
Adipic acid, 602 
Adipocere, 577 

Adjacent substitution-products, 530 
Aerated bread, 790 
Aisculetin, 727 
^sculin, 727 

Affinity, coefficients of, 285 

measurement of, 278 
predisposing, 286 - 
residual, 99 
After-damp, 86 
I Agate, 121 
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Aicla-metal, 441 

Air, analysis of, by endiometor, 41 
nitric oxide, 151 
phospborus, 65 
atmospheric, 64 
burnt in coal-gas, 113 
composition of, 64 
effect of combustion on, 86 
' exact analysis of, 66 
tested for impurity, 86 
Alabaster, 332 

oriental, 55 
Alanine, 657 
Albite, 351 

Albocarbon light, 117 
Albumin of blood, 737 
egg-s, 734 
vegetables, 737 
Albuminoid ammonia, 736 
compounds, 734 
ratio, 804 
Albuminoids, 734 
Albumino-sulphonic acids, 736 
Aloarsin, 634 
Alcohol, S47 

absolute, 546 
acids, 588 

chemical constitution of, 544 
methylated, 548 
radicles, 548 
synthesis of, 544 
tests for, 551 
Alcohol ates, 546 
Alcoholic fermentation, 545 
Alcohols, 544 

aromatic, 553 
boiling points of, 548 
dlhydric, 555 
distinguished, 550, 551 
general preparation of, 551 
iso, 549 

monohydrlc, 548 
normal, 548 
priraarj^ 550 
secondary, cco, 604 
tertiary, 550 
tetrahydrlc, 560 
trihydric, 558 
unsaturated, 552 
Aldehyde, 562 

acids, 587 
ammonia, 562 

chemical constitution of, 563 
condensation, 565 
rosin, 563 
Aldehydes, 561 

. aromatic, 566 

general reaction for obtaining, 
563 

Aldol, 564 

condensation, 564 
Aldoses, 706 
Aldoximes, 564 
Ale, composition of, 787 
Algaroth, powder of, 404 
Alizarates, yoo 
^ Alizarin, 700 

artificial, 701 
bordeaux, 701 
cyanine, 702 


Alkali defined, 16 

manufacture, 314 
metals, group of, 326 
waste, 315 
' works, 171 

Alkaline cupric solution, 599 
earth metals, 335 
Alkaloids, 752 

Alkylanilines, 644 ' 

Alkyl cyanates, 684 
cyanides, 678 
radicles, 515 
AUantoin, 750 
Allanturio acid, 750 
Allophanamlde, 651 
Allophanic acid, 652 
Allotropy, 209 
Alloxan, 749 
AUoxanlo acid, 749 
Alloxantin, 749 
Alloys, 410 
Allyl-alcohol, 553 
bromide, 614 
chloride, 614 
cyanamide, 685 
ether, 610 
iodide, 615 
isothiocyanate, 685 
pyridine, 754 
thiocyanate, 685 
thio-urea, 685 
Allylene, 524 
Almond cake, 566, 779 
oil, 779 
Almonds, 566 
Aloes, 729 
Aloin, 729 
Aludels, 192, 455 
Alum, 347 

basic, 349 
burnt, 349 
concentrated, 347 
shale, 348 
Alumina, 349 
Aluminium, 346, 350 

acetate, 573 
bronze, 351, 441 
chloride, 350 
ethide, 637 
ethoxide, 546 
extraction, 350 
fluoride, 350 
group, review of, 354 
hydroxide, 349 
methide, 637 
phosphates, 352 
properties, 350 
silicates, 351 
silicide, 126 
sulphates, 347 
Alums, 229, 348 
Alunogen, 347 
Amalgam, ammonium', 139 
electrical, 457 
, sodium, 139 

Amalgamating battery plates, 12, 457 
Amalgamation of gold-ores, 473'^' 
silver-ores, 448 

Amalgams, 457 
Amalie acid, 753 
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Am'ber, 594 
Ambergris, 780 
Amethyst, 120 
Amic acids, 649 
Amides, 637, 647 
Amldinos, 648 
Agiido-acetic acid, 654 
amid-acids, 653 
azobenzenes, 663 
barbituric acid, 750 
benzene, 643 

snlphonic acid, 644 
benzoic acids, 658 
caproic acid, 657 
chlorides, 648 
dinitrophenol, 692 
ethyl-sulphonic acid, 659 
glyceric acid, 740 
malonyl urea, 750 
naphthalenes, 646 
' nitrophcnols, 692 
phenols, 692 
phenylacetic acid, 658 
succinamio acid, 658 
succinic acid, 658 
toluene, 645 
Amidogen, 160 
Amldoximes, 648 
Amines, 637, 638 

converted into guanidines, 653 
diagnosis of, 641 
mixed, 641 
Ammelide, 683 

AmmeUne hydrochloride, 683 
Ammonia, 132 

absorhcd by charcoal, 75 > 
action of chlorine on, 168 
iodine on, 197 
albuminoid, 736 
alum, 349 

. bicarbonate, 323 

carbonate, 323 
decomposed by spark, 138 
derivatives, 637 
formed from nitric acid, 147 
gas, dried, 133 
identified, 134 
liquefied, 136 
Nes'sler’s test for, 462 
nitrification of, 142 
oxalate, 592 
oxidation of, 141 
salts, 322 
soda process, 315 
solution, 133 
sources of, 132 
siilphate, 322 
volcanic, 320 

Ammoniacal liquor, 133, 772 
Ammoniacum, 695 
Ammonia-meter, 135 
Ammonias, compound, 639 
Ammonlde, sulphuric, 322 
Ammonium, 322 

alum, 348 
amalgam, 139 
arsenite, 261 
bases, 638 
bromide, 325 
carbamate, 323, 685 


Ammonium carbonates, 323 
chloride, 324 
cyanato, 682 
cyanide, 670 
disulphide, 325 
hydrate, 135 
iodide, 325 
isocyanate, 682 
molybdate, 395 
nitrate, 322 
nitrite, 322 
oxalate, 592 
parabanate, 749 
picrate, 692 
puiTpurato, 749 
salts, 322 
sulphate, 322 
sulphides, 324 

yellow, 323 
theory, 139 
thiocarbamate, 683 
thiocyanate, 683 
urate, 748 

Amorces fulminantes, 247 
Amorphous, 70, 259 

phosphorus, 244 
Amygdalic acid, 727 
Amygdalin, 566, 727 
Amyl, 373 

acetate, 623 
alcohol, 348, 352 
carbinol, 552 
nitrite, 621 
valerate, 623 
I Amylene, 522 
Amylethytic ether, 608 
Amyloid, 719 
Amylose, 713 

Analysis of gaseous hydrocarbons, 116 
organic, 507 

calculation of, 509 

Ananas oil, 623 
Anatase, 416 
Ancaster stone, 485 
Anethol, 568 
Angelic acid, 579 
Anglesite, 419 
Angostura bark, 760 
Anhydride defined, 30 
Anhydrides, ethereal, 649 
Anhydrite, 333 
Anhydrous, 47 
Anilides, 645 
Anilido-acetic acid, 643 
Anilido-acids, 645 
Aniline, 643 

black, 593 
blue, 704, 773 
colours, 703, 704 
dyes, 702 
oU, 64s 
salts, 644 

sulphonic acid, 644 
test for, 644 
yeUow, 663, 773 
Animal charcoal, 76 

chemistry, 792 

Animals and plants, reciprocity of, 801 
changes in, after death, 805 
nutrition of, 8or 
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Animi resin, 543 
Anion, 299 

Aniseed, essential oil of, 568 
Anisic acid, 588 
Anisic aldehyde, 568 
Anisoil, 691 
Annatto, 730 
Anode, 12 
Antefehrin, 645 
Anthracene, 537 

constitution of, 537 
dichloride, 537, 616 
dihydride, 537 
Anthrachrysone, 701 
Anthracite, 79 
Anthranilic acid, 658 
Anthvanol, 700 
Anthrapurpurin, 701 
Anthraquinone, 537, 700 

disulphonic acid, 701 

Antiarin, 728 
Antichlore, 219, 230 
Anti-corrosive caps, 180 
Antlmonates, 403 
Antimonie acid, 403 
oxide, 402 

Antimonietted hydrogen, 403 
Antimonious acid, 403 
Antimony, 400 

amorphous, 401 
ash, 402 
butter of 404 
chlorides, 404 
chlorosulphide, 405 
crocus of, 401 
crude, 401 
detected, 403 
flowers of, 402 
glass of, 405 
grey ore of, 4CX5 
liver of, 405 
ores, 400 
oxides, 402 
oxychloride, 404 
oxysulphide, 405 
oxytrichlorlde, 404 
pentachloride, 404 
pentasulphide, 405 
potassio-tartrate, 402 
regulus of, 401 
sulphate, 406 
sulphides, 405 
tested for impiuity, 405 
trichloride, 404 
uses of, 401 
vermilion, 232, 405 
Antimonyl, 600 
Antlpyrine, 744 
Antiseptics, 129, 218 
Antitoxlnes, 736 
Anti-zymotics, 218, 805 
Ants, acid of, 571 
Apatite, 240, 247 
Apocrenic acid, 797 
Apomorphine, 757 
Apple oil, 623 

Aq., water of crystallisation, 49 
Aqua fortis, 145 
regia, 186 
Aquamarine, 345 


Aquate, 164 
Arabic acid, 717 
‘ Arabin, 717 
Arabinose, 706, 718 
Arahitol, 706 

Arachidio^(butic) acid, 569 
Aragonite, 331 
Arbor Dianas, 457 
Arbutin, 727 
Archil, 695 
Argand lamp, 114 
Argillaceons iron ores, 356 
Argol, 307. S98 
Argon, 769 
Argyrodite, 418 
Aromatic acids, 583 

aldehydes, 567 
hydrocarbons, 525 
series, 525 
Arrach, 789 
Arrowroot, 715, 784 
Arsenatqs, 262 
Arsendimethyl, 633 
Arsenetted hydrogen, 263 
Arsenic, 256 

acid, 262 
anhydride, 262 
detected, 261, 263 
di-iodide, 265 
ethoxide, 634 

extraotedfrom organic matters, 265 
in copper, 438 
native, 257 
oxides, 258 
pentasulphide, 266 
sulphides, 265 
tests for, 261, 263 
trihromide, 265 
trichloride, 264 
trifluoride, 265 
tri-iodide, 265 
white, 259 
Arsenical iron, 257 
nickel, 385 

Arsenical paper hangings, 261 
soap, 261 
Arsenides, 257 
Arsenio di-ethyl, 634 
dimethyl, 633 
Arsenio siderite, 263 
Arsenio sulphides, 265 
triethyl, 634 
trimethyl, 633 
Arsenious acid, 261 

anhydride, 258 
chloride, 264 
iodide, -265 
oxide, 258 

crystalline, 260 
opaque, 260 ' 
vitreous, 260 


Arsenites, 261 

Arsen-methyl dichlorlde, 634 
oxide, 634 
Artificial mush, 743 
Asbestos, 336 
Ashes of coal, 80 
Asparagine, 658 
Asparagus, 658 
Aspartic acid, 658 



INDEX, 


8ll 


Assafoctida, 695 

Assay of gold by cupellation, 475 
Asymmetric-carbon atoms, 586 

substitution pi-oducts, 530 
Atacamite, 445 
Atmolysis, 25 

Atmosphere, composition of, 65 
Atmospheric air, 64 

germs, 68 
Atom defined, 7 

-fixing power, 556 
Atomic heat, 273 
Atomicity, 10, 268 
Atomic theory, 6, 269 

volumes, 278, 766 
weight, 3, 269, 27a 

determined, 43, 272 

Atoms, 267 
Atropio acid, 583, 755 
Atropine; 583, 755 
Attraction, chemical, defined, 5 
Augite, 352 
Aurantia, 644 
Auric-chloride, 477 
cyanide, 676 
oxide, 477 
Aurioyanides, 676 
Auxin, 704 

Aurothiosulphuric acid, 478 
Aurous chloride, 478 
cyanide, 676 
oxide, 477 
Australene, 539 
Autogenous soldering, 22a 
Auxochromes, 662 
Avidity of acids, 285 
Avogadro’s law, 270 
Azolaic acid, 570 
Azobenzene, 662 
Azo-compounds, 661 
dyc-stufls, 663 
Azoimide, 161 
Azoimides, 663 
Azote, 132 
Azoxybenzene, 662 
Azulmamide, 666 
Azulmic acid, 666 
Azurite, 444 

Baking powders, 89 
Balenic acid, 569 
Balloons, 21 

made, 724 
Balsam of Peru, 542 
Tolu, 542 
Balsams, 542 
Banca tin, 407 
Barbituric acid, 750 
Barilla, 313 
Bar-iron, best, 369 . 

crystalline, 369 
fibrous, 371 
manufacture, 364 
Barium, 327 

bromide, 329 
carbide, 102 
carbonate, 328 
chlorate, 329 
chloride, 328 
chromate, 392 


Barium di-oxide, 328 
ethoxides, 546 
hydroxide, 328 
hypophosphite, 251 
nitrate, 329 
oleate, 580 
oxide, 328 
peroxide, 328 
sulphate, 329 
sulphide, 329 
sulpho-methylate, 619 
tannate, 590 
Barley sugar,' 710 
Baryta, 328 

in glass, 480 
sulphate, 329 
water, 328 
Bargto-calcite, 331 
Basalt, 352 
Base, defined, 33 
Basic bricks, 371 
Basicity of acids, 158 
Basic oxides, 33 

process (steel), 371 
salts, 159 
slag, 799 
Bassorin, 718 
Bathgate coal, 516 
Bath stone, 484 
Battery, galvanic, 12, 298 
Baumd’s flux, 489 
Bauxite, 350 
Bay salt, 312 
Beans, Inosite in, 697 
Bear, 396 
Bebeerine, 761 
Beef-tea, 796 
Beehive shelf, 19 
Beer, composition, 787 
ropy, 787 
sparkling, 89 
Bees’ wax, 780 
Behenic acid, 580 
Belladonna, 755 
BeUite, 322 
BeU-metal, 441 
Bengal saltpetre, 486 
Benzal chloride, 566, 615 
Benzaldoxime, 567 
Benzamide, 648, 655 
Benzamido-acetio acid, 655 
Benzene, 525 

chlorides, 526 
constitution of, 526 
dichloride, 526 
disulphonic acid, 526, 628 
hexaohloride, 526 
hexahydride, 527 
nucleus, 527 
reactions of, 526 
ring, 527 
series, 525 

Bulphonic acid, 526, 628 
tetrachloride, 526 
trisulphonic acid, 697 
Benzidine, 646 

, dye-stuiTs, 663 
Benzine, 515 

Benzoaceiic anhydride, 583 
Benzoates, 582 
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Benzoic acid, 582 

alcohol, SS3 
aldehyde, 566 
anhydride, 582 
chloride, 618 
ether, 624 
peroxide, 583 
series 'of acids, 570 

general remarks upon, 583 

Benzoine, 567 
Benzoin gum, 581 
Benzole, 525, 771 
Benzoline, 515 
Benzomercuramide, 648 
Benzonitrile, 655, 679 
Benzophenone, 605 
Benzoqninone, 698 
Benzoyl, 582 

azoimide, 664 
chloride, 582, 618 
compounds, 582 
glycooine, 655 
hydrate, 582 
hydrazine, 664 
hydi-ide, 582 
peroxide, 583 
salicin, 726 
Benzyl, 582 

amine, 646 
alcohol, S53 
benzoate, 624 
bromide, 615 
chloride, 613 
cinnamate, 624 
cyanide, 679 
ether, 610 
hydrate, 582 
hydride, 582 
iodide, 615 

Benzylidene — see Benzal 
Berberine, 761 

Bergamotte, essential oU of, 538 

Meryl, 34S 

Beryllium, 345 

Bessemer’s process, 370 

Betaine, 655 

Betol, 693 

Bezoar-stones, 590 

Biborate of soda, 320 

Bicarbonate of soda, 317 

Bicarbonates, 93 

BUe, 803 

colouring matters of, 742 
Bilifnscin, 742 
Biliprasin, 742 
Bilirubin, 742 
Biliverdin, 742 
Bioses, 708 

Birch, essential oil of, 538 
• Mischofite, 339 
Biscuit porcelain, 482 
Bismarck brown, 663 
Bismuth, 398 
Mismuth glance, 400 
Bismuth iodide, 400 
nitrate, 399 
Mismuth ochre, 399 
Bismuth oxides, 399 

oxycldoride, 400 
sulphide, 400 


Bismuth teUuride, 239 
trichloride, 400 
triethyl, 635 
trlsnitrate, 400 
Bismuthic acid, 399 
Bismutliite, 400 
Bisulphate of potash, 143 
Bisulphide of carbon, 233 
Bisulphites, 219 
Bisnlphuret of carbon, 233 
Bitter almond oil, 566 
Bittern, 188, 313 
Bituminous coal, 79 
Biuret, 650 
Bixln, 730 
Black ash, 314 
BlacI: hand, 355, 356 
Black dyes, 777 
Black-jack, 344 
lead, 70 

crucibles, 72 
Black vitriol, 444 
wash, 461 
Blacking, 225 
Blast furnace, 358 

chemical changes in, 359 
gases, 360 

Blafitlng-gelatine, 626 

with g^inpowder, 496 
Bleaching by chloride of lime, 178 
chlorine, 168 
ozone, 62 

sulphurous acid, 217 
powder, 178 
Bleach- killed, 218 
Blende, 340 
BUstored steel, 373 
\ Block tin, 408 
' Blood, 794 

absorption spectrum of, 742 
action of oxygen on, 742 
aeration of, 803 
• coagulation of, 737 
crystals, 741 
defibrinatcd, 737 
formation of, 803 
globules, 794 
venous and .arterial, 742 
Bloom (iron), 367 
Blowers in coal mines, 105 
Blowpipe, cupellation with, 425 
flame, 117 
hot blast, 118 
oxyhydrogen, 45 
reduction of metals by, 118 
table, 124 
Blue, bricks, 483 
copperas, 443 
dyes, 704, 77S 
fire composition, 181 
flowers, 729 
John, 198 
malachite, 434 
metal (copper), 437 
opal, 704 

oxide of molybdenum, 396 
tungsten, 396 

pill, 4 s 6J 
pots, 72 
Prussian, 672 
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Blu 0 stone, 443 

Thdnarf’s, 383 
Turnbull’s, 672 
verditer, 443 
Titriol, 443 

■water of coppor-mines, 437 
■writing-paper, 352 
Boghead caiiiiel, 516 
Bog ore, 773 
Boiler fluids, 54, 261 

incrustations, 54 
Boiling meat, 796 

point, absolute, 25. 

defined, 60 
points, 764 

of alcohols, 548 
of solutions, 296 
process (iron), 368 
Bolivite, 400 
Bolsdver stone, 484 
Bone-asb, 241 

ns manure, 799 
black, 76 
oil. 745 

Bones as manure, 799 
composition, 241 

destructive distillation, 76, 639, 74S 
, dissolved, 799 
Boracic (boric) acid, 128 

■vitreous, 129 
anhydride, 127 
ether," 621 
lagunes, 128 

Boracite, 320 
Borates, 129 
Borax, 127, 320 
lake, 128 
■vitrefied, 321 
Boric acid, 128 
ether, 621 

Borneo camphor, 542 
Bomeol, 542 
Borofluoric acid, 203 
Borofluorides, 203 
Boroglyceride, 626 
Boron, 127, 130 

amorphous, 130 
crystallised, 130 
diamond, 130 
ethide, 632 
graphitoid, 130 
methide, 631 
nitride, 130 
stdphide, 237 
trichloride, 185 
trifiuoride, 202 
Botany Bay gum, 692 
Bouoherie’s process, 8or 
Bouquet of ■wines, 788 
Boyle’s fuming liquor, 325 
Brain, 741 
Brandy, 789 
Brass, 441 
Brassidic acid, 580 
• Braunite, 386 
Brazilin, 731 
Brazil wood, 694 
Bread, 789 ’ * 

aerated, 790 
new and stale, 790 


Browing, 786 
Bricks, 483 
Bright-iron, 362 
Brimstone, 206 
Brin’s oxygen process; 35 
Britannia metal, 411 
Brochantile, 444 
Brodie’s graphite, 72 
Bromacrylic acid, 580 
Bromal, 617 
Bromanll, 699 
Bromnnllines, 644 
Bromarggritc, 453 
Bromates, 189 
Bromhydrins, 614 
Bromic acid, 189 
Bromine, 187 

aquato, 189 
chloride of, 191 
Bromobenzene, 615 
Bromoform, 614 
Bromosucclnic acid, 598 
Bronze, 412, 441 

annealing of, 412 
coin, 412, 441 
powder, 415 
Bronzing, 441 
Broohitc, 415 

Brown acid (sulphuric), 224 
blaze, 345 
coal, 79 
dyes, 777 
limmatite, 356 
Brucine, 761 
Brucite, 337 
Brunswick green, 445 
Bubbles, explosive, 39 
, Buckskin, 778 
Bug-poison, 459 
Building materials, 484 
stones 484 
Bullets, rifle, 426 

shrapnel, 426 
Burner, air-gas, 115 
Bunsen’s, 115 
gauze, n6 
ring, 59 
smokeless, 114 

Burnett’s disinfecting fluid, 344 
Butalanine, 657 
Butane, 518 

normal, 518 
Butanes, isomeric, 518 
Butene, 522 
Butic-acid, 780 
Butin, 780 
Butine, 524 
Butter, 780 

-milk, 793 
preparation of, 792 
Butyl, 548 

alcohols, 550 
aldehyde, 564 
carbinol, 550 
other, 610 
isothiooyanate, 686 
Butylene, 522 
Butyllc alcohol, 550 

fermentation, 550 
normal, 550 
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JJutylic alcohol, secondary, 550 
tertiary, 550 
Butyric acid, 575 

aldehyde, 564 
ether, 623 
Butyrone, 605 

Cacao-butteh, 792 
Cacodyl, 634 
Cadaveric alkaloids, 736 
Cadaverine, 642 
Cadet’s fuming liquor, 634 
Cadmia, 345 
Cadmium, 345 

salts, 34S 
Caen-stone, 485 
CseruUgnone, 691 
Ctesium, 326 

carbonate, 326 
CafEeic acid, 591 
CafEeidine, 753 
CafEeine, 752, 753 
CafEeone, 791 
CatEeo-tannic acid, 590 
Cairngorm-stones, 120 
Caldng-coal, 80 
Calamine, 340 

electric, 340 
Calamus, oil of, 538 
Calcareous waters, 34 
spar, 331 
Calcite, 331 
Calcium, 330 

acetate, 574 
action on water, 16 
arsenates, 263, 335 
carbonate, 330 
chloride, 333 
citrate, 603 
dioxide, 332 
disulphide, 215 
fluoride, ig8, 334 
hydroxide, 332 
hydrosulphides, 334 
hypochlorite, 177 
hyposulphite, 230 
iodate, 191 
• malate, 597 

meconate, 602 
nitrate, 332 
oxalate, 592 
oxide, 331 
oxychloride, 334 
pentasulphide, zK, 
phosphates, 334 
phosphide, 254 
pyrophosphate, 335 
racemate, 600 
saccharate, 602 
silicates, 335 
succinate, 593 
sulphate, 332 
sulphide, 334 
superphosphate, 334 
tartrate, 559 
Calc-^ar, 331 

Calculation of formula;, i;oq, cii 
Caliche, 192 
Calico-printing, 776 
Calomel, 461 


Calorific intensity, 503 • 
value, 502 
Calorimeter, 280 
Calumha root, 728 
Calumhin, 728 
Calx chlorata,' 177 
Cameos, 121 
Camphenes, 539 
Camphor, 542 

artificial, 539 
oil of, 542 ■ 

Camphoric acid, 539, 542 
peroxide, 539 
Camphors, 542 
Canarin, 683 
Candle, chemistry of, in 
Candles, 782 
Cane-sugar, 708 
Cannel, 80 
Cannel-gas, 120 
Canton’s phosphorus, 334 
Caoutchene, 541 
Caoutchouc, 540 

artificial, 780 
vulciinised, 541 
Cap composition, 687 
Caproic acid, 576 

aldehyde, 564 
Caproin, 793 
Caprone, ^5 
Caprylic acid, 576 

alcohol, 552 
aldehyde, 564 
Caramel, 709 
Caramelan, 709 
Caraway, essential oil of, i;38 
Carbamates, 323 
Carbamic acid, 323, 652 
Carbamide, 649 
Carbamides, 651 
Carbamincs, 679 
Carhanilide, 652 
Carbazole, 646 
Carbazotic acid, 692 
Carbimides, 685 
Carbinols, 550 
Carbodiamine, 650 
Carbohydrates, 705 
Carbolic acid, 689 
Carbon, 69 

atomicity, 509 
bichloride, 184 
bisulphide, 233 
calorific intensity, 503 
value, 502 
chlorides, 183 
determination of, 507 
diamide-imide, 653 
dioxide, 80 

composition of, 99 
synthesis of, 70 
disulphide, 233 
iodide, 197 
monoxide, 94 

composition of, 99 

oxides, 80 
oxychloride, 184 
oxysulphide, 236 
prepared pure, 78 
tetrabromide, 190 
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Carljon, tetracbloridc, 184 
trichloride, 184 
Carbonado, 71 

Carbonate of lime in waters, 54 
Carbonates, 93 

alkaline, 327 
Carbonic acid gas, 80 

absorption by water, 89 
decomposed by carbon, 95 
by potassium, 94 
determined, 93 
evolved by plants, 81 
experiments with, 84 
in breathed air, 86 
injurious effects of, 86 
liquefaction, go 
sources, 81 
synthesis of, 70 
anhydride, 80 
ether, 621 
oxide, 97 

absorbed, 445 
, calorific value, 502 
formed, in fires, 95 
melallurgio uses, 95 
poisonous properties, 96 
preparation, 97 
reduction by, g8 
Carbonisation, 69 
■ Carbonising fermentation, 78 
Carbonyl chloride, 184 
Carborundum, 127 
Carbostyril, 747 
Carbotriamine, 653 
Carbovlnate of potash, 621 
Carboxyl, 568 

diamine, 649 

Carbnretted hydrogen, 104 
Carbylamines, 679 
Carbyl sulphate, 521 
Carmine, 734 

lake, 734 
red, 734 
Carminic acid, 734 
CamallUe, 310 
Carnelian, 120 
' Camine, 751 
Carotin, 730 ^ 

Carry’s freezing apparatus, 136 
Carthamin, 730 
Cartilage, 740 
Carvacrol, 693 
Cascarilla, oil of, 538 
Case-hardening, 374 
Casein, 738 

vegetable, 739 

Cassel green, 388 ' 

Cassia, oil of, 554, 567 
Cassiterite, 413 
Cast-iron, 361 

grey. 363 

malieable, 374 
mottled, 363 
varieties of, 363 
white, 363 
Castner’s process, 318 
CaBtor-oil, 780 
Cast steel, 373 
Catalysis, 60 
Catechu, 589, 693 


Cathode, iz- 
Cation, 299 
Cat's eye, 121 
Caustic alkali, 16 
-lunar, 451 
potash, 307 
soda, 317 

Cavendish eudiometer, 39 
Cedar- wood, essential oil of, 538 
Cedrirot, 691 
Celestine, 329 
Celluloid, 725 
Collulo-nitrlns, 720 
Cellulose, 718 

action of nitric acid on, 720 
adipo-, 725 
animal, 725 

converted Into sugar, 719 
hexanitrate, 720 
ligno-, 725 
pecto-, 725 
solvent for, 443, 718 
Cement for earthenware, 738 
Portland, 485 
Eoman, 485 
rust-joint, 210 
Scott’s, 485 

Cementation process, 371 
Corasin, 718 
Ccrebric acid, 741 
Ccrebrin, 741 
Cerite, 418 
Cerium, 418 
Ceroloin, 781 
Cerotic acid, 780 
Cerotin, 552 
Ceruse, 429 
Cerussite, 419, 429 
Ceryl cerotate, 552, 623 
Cerylic alcohol, 552 
Cetin, 552 

Cetyl palmitate, 552, 623 
Cetylio alcohol, 552 
ether, 610 
Cevadilla seeds, 761 
Cevadlne, 761 
Ceylon moss, 718 
Chalcedony, 121 
Chalk, 330 

in waters, 54 
Chalkstones, 748 
Chalybeate waters, 58, 378 
' Chamomile, essential oil of, 538 
Champagne, 788 

Chance’s sulphur recovery process, 316 
Gharbon roux, 490 
Charcoal, 72 

absorption of gases by, 74 
action of steam on, 96 
animal, 76 
as fuel, 77 
ash, 489 

burning, 73 
decolorising by, 75 
deodorising by, 74 
for gunpowder, 489 
oxidised by nitric acid, 146 
prepared at different tempera- 
tures, 489 ' 

prepared In the laboratory, 500 
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Charcoal, retort, 73 

suffocation, 96 
wood, 72 

Charring by steam, 490 
Cheese, 793 
Chelidonio acid, 602 
Chelidonine, 762 
Cheltenham water, 58 ' 

Chemical affinity, 279 

change, velocity of, 286 
combination, laws of, 268 

influence of moisture 
on, 302 

equivalent defined, 17, 268 
properties defined, 5 
Chessylite, 444 

Chevreul’s investigations, 781 
Chili saltpetre, 486 
ChUl-casting, 363 
Chimney, hot air, for lamps, 114 
ventilation by, 88 
China moss, 718 
Chinese wax, 552, 627 
white, 343 
Chinoline, 746 
Chitin, 725 
Chloracetamides, 647 
Chloracetic acid, 574, 617 
Chloral, 616 

alcoholate, 617 
hydrate, 616, 617 
Chloralum, 350 
Chloranhydrides, 187 
Chloranll, 699 
Chloranillo acid, 699 
Chloranilines, 644 
Chloranthracenes, 537 
Chlorate of potash, 181 
Chlorates, 180 
Chlorhydrins, 557 

of glycol, 557 
Chloric acid, 180 

peroxide, 183 

Chloride of calcium tube, 507 
lime, 177 
nitrogen, 186 
soda, 178 
Chlorine, 162 

bleaching by, 168 
disinfecting by, 169 
experiments with, 165 
group of elements, 203 
hydrate or aquate, 164 
oxides, 175 
water, 164 
Chloriodoform, 614 
Chlorisatins, 733 
Chlorite, 352 
Chlorites, 183 
Chlorobenzenes, 526, 615 
chromic acid, 394 
maljeio acid, 618 

chloride, 618 
naphthalenes, 535, 616 
phenols, 691 

phenol snlpbonic acid, 696' 
Chloroform, 517, 613 
Chloronicotinic acid, 735 
Chlorophosphamide, 256 
Chlorophyll, 729 
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Chloroplcrin, 629, 692 
Chlorosulphuric acid, 219 
Chloroxalothyline, 649 
Chocolate, 791 
Choke-damp, 86 
Cholcstoraminc, 743 
Cholesteriu, 743 
Cholesterol, 743 
Cholcsteryl chloride, 743 
Cholestrophane, 750 
Cholic acid, 743 
Choline, 642 
Chologlycolic acid, 743 
Chondrin, 740 
Chromates, 392 

of lead, 392 
- potash, 392 
Chrome-alum, 393 

iron ore, 390 
yellow, 392 
Chromic acid, 392 
oxide, 393 
Chromites, 393 
Chromium, 390 

chlorides, 394 
hydroxide, 393 
nitride, 395 
oxides, 391 
oxychloride, 394 
sulphate, 393 
sulphide, 394 
Chromogens, 662 
Chromyl chloride, 394 
fluoride, 394 
Chrysanillne, 747, 775 
Chrysean, 684 
Chrysene, 538 
Ckrysoheryl, 346 
Chrysocolla, 445 
Chrysoidin, 663 
Churning, 793 
Chyle, 803 
Chyme, 803 
Cigars, 755 
Cinchona bark, 758 
Cinohonicine, 760 
Cinchonidine, 760 
Cinchonine, 759 
Cinder, 79 
Cineol, 542 
Cinnahar, 462 
Cinnamdin, 542 
Cinnamene, 533 
Cinnamic acid, 583 

aldehyd, 565 
chloride, 618 

Cinnamon, essential oil of, 565 
Cinnamyl aldehyde, 565 
cinnamate, 624 
Circulation of blood, 794 
Cisterns, incrustations in, 55 
Citraoonlc acid, 596, 603 
Citrates, 603 ' ' 

Citrencs, 538 
Citric acid, 602 
Clarita, 266 
Clark’s process, 56 
Classes of organic compounds, 511 
Clay, 347 

ironstones, 355, 356 
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aeveite, 770 
Clinker, 80 

Closed-cljaiii hydrocarbons, 524. 

Clot of blood, 693 
Cloves, essential oil of, 538 
Coal, 78 

asb of, 80 
bituminous, 80 
Coal, combustion of, 79 
composition of, 80 
distillation of, 119, 771 
formation of, 78 
-gas, 119 

manufacture, 772 
purification, 235, 773 
mines, firedamp of, 108 
-naphtha, 515, 774 
-tars, 774 

bases, 773 

distillation of, 525, 774 
dyes, 774 
varieties of, 79 
^Vel8h, 80 
Coarse copper, 437 

-metal (copper), 435 
Cobalt, 382 

amine compounds, 384 
arsenate, 257, 383 
arsenides, 383 
bloom, 257 
chloride, 383 
cyanide, 671 
glance, 382 
hydroxide, 382 
nitrate, 382 
nitrite, 382 
oxides, 382 
phosphate, 383 
pyrites, 383 

separated from nickel, 385 
sulphate, 383 
sulphides, 383 
ultramarine, 383 
vitriol, 383 
yellow, 382 
Cobalticyanides, 671 
Cocaine, 761 
Cocculus indicus, 728 
Cochineal, 776 
Cocoa, 79t 

(gun) powder, 493 
Coco-nut oil, 627, 779 
Codamine, 756 
Codeine, 757 
Cod-liver oil, 780 
Co-eiheient of solubility, 51 
affinity, 285 
velocity, 286 
Coffee, composition, 791 
roasting, 791 
Coin-bronze, 412, 441 
Coke, 79 

action of steam on, 96 
composition of, 505 
Colchicine, 762 
Colcothar, 220, 377 
Cold-shortness, 369 
Collidine, 746 
■ Collodion, 724 

balloons, 724 


I Collodion cotton, 724 
Colloids, IS2 
Colophony, 538 
Colour-base, 703 
Coloured fires, 181 
Colouring-matters, animal, 741 

vegetable, 729 

Columhitc, 406 
Colza oil, 779 
Combination, chemical, 5 
laws of, 268 

Combined carbon in iron, 363 
Combining proportions, 8, 9 
Combustion defined, 29 
furnace, 507 
in oxygen, 30 
reciprocal, 45 
temperature of, 503 
tube, 507 
Comenic acid, 602 
Common salt, 312 
Composition tube, 426 
Compound and mixture, 6, 68 
defined, 3 
Concrete, 485 

Condensation products of acetone, 604 

Condenser, Liebig’s, 59 

Condurrile, 257 

Condy’s disinfecting fiuid, 389 

Congonha, 753 

Congo red, 663 

Conhydrine, 754 

Conlferin, 728 

Coniferyl alcohol, 728 

Coniine, 754 

-methylium hydroxide, 754 
iodide, 754 

Conquininc, 758 
Conservation of energy, 279 
matter, 2 

Constitution of salts, 158, 159 
Converting furnace, 372 

vessel, Bessemer’s, 370 
Convolvulin, 728 
Convolvulinol, 728 
Cooking of meat, 796 
Copal, 543 
Copper, 433 

acetate, 574 

aceto-arsenite, 262, 574 
acetylide, 100, 523 
action of ammonia and air on, 442 
nitric acid on, 146 
alloys of, 440 
amalgam, 457 
ammonio-Bulphate, 444 
Anglesea, 437 
arsenite, 261, 444 
best selected, 435 
blister, 436 
carbonates, 434, 444 
chlorides, 445 
cleaned, 441 

dry, 436 

effect of sea-water on, 440 
electric conductivity of, 439 
emerald, 445 

extracted in laboratory, 438 
fusing point, 439 
glance, 434 
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Copper hydrate, 443 
hydride, 443 
Impurities iu, 438 
Lake Superior, 433 
lead in, 436 
metallurgy of, 434 
moss, 435 
native, 433 
nitride, 443 
ores, 433 

roasting, 434 

treatment of, for silver, 448 
overpoled, 436 
oxides, 442 
oxychloride, 440, 445 
peacoch, 433 
phosphates, 444 
phosphide, 447 
poling, 436 
properties of, 439 
pyrites, 433 

reduced by hydrogen, 43 
refining, 436 
rose, 437 
sand, 433 
silicates, 445 
smelting, 434, 435 
smoke, 434 
Spanish, 439 
Buhohloride, 44S 
suboxide, 442 
sulphate, 443 

in bread, 790 
sulphides, 446 
tinned, 412, 44O 
tough-cake, 436 
uses of, 43,9 
tmderpoled, 436 
verdigris, 440 
vessels for cooking, 440 
Copperas, 379 

blue, 443 

Copper-zinc couple, 18 
Coprolite, 240, 247 
Coquimbite, 379 
Coral, 331 
Cordite, 626 
Coridine, 74"; 

Cork, 725 
Corn-flour, 784 
Corrosive sublimate, 459 
Corundum, 349 
Cotarnine, 757 
Cotton, 719 

separated from wool, 719 
solvent for, 443 
Coumallnic acid, 755 
Cbnmaric acid, 591 
Coumarin, 591 
Crackers, detonating, 088 
Cream, 792 

of tartar, 307, $99 
Creasotd, 693 
Creatine, 656 
Creatinine, 656 
Crenic acid, 797 
Creoline, 693 
Cresol, 693 

Cresylic acid (cresol), 773 
.Critical temperature, z5 


Croceo-oobalt salts, 384 
Crocin, 730 

Crocus of antimony, 401 
Crookes’ discovery of thallium, 432 
Croton aldehyde, 523 , 
Croton-chloral, 617 
Crotonic acid, 579 

aldehyde, 565 
Crotononitrile, 685 
CTDtony\tsnt), 524 
Crow-fig, 760 
Crucibles, black lead, 72 
Cryohydrates, 50 
Cryolite, 350 
Cryptidine, 746 
Cryptopine, 756 • 

Crystallisation, 47 
Crj’stalloids, 122 

Crystals from vitriol chambers, 221 
Cnbebs, essential oil of, 538 
Cudbear, 695 

Cumenyl-acrylio acid, 570 
angelic acid, 570 
crotonic acid, 570 
Cumic aldehyde, 568 
Cuminic acid, 583 

aldehyde, 565, 568 
Cuminol, 568 

Cummin, essential oil of, 568 
Cumylic acid, 597 
Cupel-furnace, 424 
Cupellation on the largo scale, 424 
small scale, 425 

Cupric acetate, 574 

aceto-arsenite, 574 
acid, 443 
arsenite, 444 
carbonates, 444 
chloride, 445 
hydroxide, 443 
nitrate, 443 
oxide, 442 
phosphates, 444 
phosphide, 447 ^ 
sulphate, 443 
sulphide, 446 
tartrate, 599 
Cuprocyanides, 675 
Cuprous acetylide, 100, 523 
chloride, 100, 445 
hydrate, 443 
hydride, 443 
iodide, 446 
nitride, 443 
oxide, 442 
sulphide, 446 
Curcumin, 730 
Curd of milk 737 
Curing fish and meat, 805 
Current, electric, 12, 298 
Cutch, 589 
Cutose, 725 
Cyamelide, 68r 

Cyanacetato of potassium, 593 
Cyanamide, 684 
Cyanethino, 679, 746 
Cy’anetholin, 684 
Cyanates, 681 
Cyanic acid, 681 
Cyanides, 670, 675 
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Cyanides of alcohol radicles, 678 

Cyauin, 730 

Cyanines, 746 

Cyanite, 352 

Cyan-methine, 678, 746 

Cyano-henzene, 679 

Cyanogen, 666 

bromide, 678 
Cyanogen chloride, 677 

compounds, 665 
iodide, 678 
reactions of, 666 
sulphide, 683 
Cyanmuramidc, 683 
Cyannrates, 681 
Cyanuric acid, 681 

chloride, 677 

Cylinder-charcoal, 73, 490 
Cymene, 533 
Cymogene, 515 
Cystine, 740 
Cytisine, 762 
Cytoblast, 741 

DamaiiTibic acid, 569 

Daphnetin, 728 

Daphnin, 728 

Daturine, 755 

Davy lamp, 107 

Deacon’s chlorine process, 163 

Dead oil of coal-tar, 535, 774 

Decane, 515 

Decay, 81 

Decolorising hy charcoal, 75 
Decomposition defined, 3 
Deflagrating spoon, 31 
Deflagration, 488 
Dchydracetlc acid, 623 . 

Dehydration, 49 
Deliquescence, 50 
Delphinine, 762 
Density, absolute, 493 
apparent, 493 

Deodorising by charcoal, 74 
chlorine, 169 

Dephlogisticated muriatic acid, 170 
Derbyshire spar, 198 
Desiccator, 226 
Desilverising lead, 423 
Destructive distillation defined, 73 
Detonating tubes, 180, 626 
Devitrification, 480 
Dextrin, 716 

Dextro-ethylidine lactic acid, 586 
Dextro-rotatory, 539, 767 
pinene, S39 
Dextrose, 707 
Dextrotartaric acid, 599 
Dhil mastic, 428 
Dlacetyl, 606 

osazone, 606 
oxide, 575 
Diad elements, 10 
Diallyl sulphide, 686 
Dialuramide, 749 
Dialuric acid, 749 
Dialyser, 122 
Dialysis, 122 
Diamido-azohenzene, 663 
Diamidobcnzcne, 646 


Dinmidothiodiphcn 3 damino, 645 
dlphenj’l, 646 
Diamidogon, 161 
Diamines, 638, 642 
Diamond, 69 
Diasporc, 349 
Diastase, 711, 785 
Diathermic, 234 
Diatomic elements, 10, 289 
Diazo-acetamide, 660 
acetic acid, 660 
amidobeuzene, 661 
amidonaphthalene, 646 
benzene, 660 

butyrate, 660 
chloride, 66 r 
compounds, 660 
hydroxide, 660 
nitrate, 660 
sulphonic acid, 663 
methane, 660 
reaction, 160 
Diazotising, 661 
Dibcnzoyl oxide, 582 
Dibenzyl, 534 

Dibromo-nitro-pheuyl-propionic acid, 
Dibromoproplonic acid, 580 
Dibromostearic acid, 580 
Dibutyraldine, 754 
Dlchloracetonc, 603 

cyanhydrate, 603 
Dichloracetonic acid, 603 
Dlchlorethene, 613 
Dichlorether, 609 
Dichlorethylamine, 640 
Dichlorhydrin, 560 
Dichlorohenzene, 526 
Dichloromethane, 517 
Dicinnamene, 534 
Dicyanlmide, 684 
Dicyanacetonic acid, 603 
Didymium, 354 
Diethacetlc ether, 622 
Diethene dioxide, 610 
Diethyl, 631 

amine, 640 
glycerine ether, 610 
glycol ether, 610 
Diethylene-diamine, 642 
Diethylnitrosamine, 640 
Diethyloxamide, 649 
Diffusibility of gases, 23 

law of, 23, 288 
measurement of. 

Diffusion, 22 

tube, 22 
Dlformin, 627 
Digallic acid, 590 
Digestion, 802 
Digitalin, 728 
Dihydiic alcohols, 555 
Dihydroxy benzoic acid, 589 
propionic acid, 559 
succinic acid, 591 
toluene, 695 
Dihydroxyl, 161 
Dikakodyl, 634 
Diketones, 605 
Dimethyl, 517 

alloxantin, 752 
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Dimetliylamido-azobenzene, 663 
amine, 639 
-arsenic acid, 634 
benzene, 532 
ketone, 604 
oxamide, 649 
oxide, 609 
parabanio acid, 750 
Dimorphous, 71, 259 
Dinapbtbyl, 536 
Dinas fire bricks, 483 
Dinitraniline, 644 
Dinitrobenzene, 525 
pbenol, 691 
Diolefines, 522 
Dioptase, 445 
Dioxindol, 733 
Dipbenio acid, 537 
Dipbenole, 691 
Dipbenyl, 534 

amine, 644 

dyes, 64s 

guanidine, 653 

ketone (benzopbenone), 605 

methane, 534 

oxide, 691 

phosphine, 633 

sulphides, 691 

sulphonic acid, 691 

-sulphurea, 652 

urea, 652 

Diphenylene methane, 535 
Diplatinamine, 468 
Diplatosamine, 468 
Dippel’s oU, 739 
Dipropyl oxide, 610 
Dipyiddine, 745 
Dipyrotetracetone, 598 
Disaccharides, 708 
Disacryl, 565 

Discharge in calico printing, 178, 673 
Disinfectant, Calvert’s, 690 

MacDougall’s, 690 
Disinfecting by chloride of lime, 178 
chlorine, 169 
ferric chloride, 380 
manganates, 388 
fluid, Burnett’s, 344 

Coudy's, 388, 389 
Disintegration of rocks, 90 
Displacement, collection of gas by, 26 
Dissociation, 288 

effect of pressure on, 289 
of dissolved molecules, 297 
sal-ammoniac, 288 
steam, 45 

vermilion vapour, 462 

Disthenc, 352 
Distillation, 58 

destructive or dry, 73 
fractional, 517 
■ Distilled sulphur, 205 
Tvatcr, 58 
Diterpene, 538 
Dithionic acid, 232 
Dithionous acid, 232 
Diureides, 749 
Divalent elements, 10 
Divi-divi, 589 
Dbbereiner’s lamp, 465 


Dodocano, 515 
Dodecatoic acid, 576 
Dolomite, 337 
Dough, 71S, 789 
Downcast shaft, 88 
Dragon’s blood, 696 
Dryers, 779 
Drying gases, 43 

in vacuo, 226 
-oils, 779 

over oil of vitriol, 226 , 

Dry rot, 719 
Dualin, 626 

Ductility of copper, 439 
Dulcite, 561, 708 
Dung as manure, 798 
Dnrcne, 553 
Dust, 68 

Dutch liquid, 103, 613 
metal, 165 
Dyeing, 776 
Dyes, 662 

adjective, 662 
substantive, 662 
Dyestuffs, acid, 662 
basic, 662 
Dynamite, 625 
Dyslysin, 743 

Earthenware, 483 
Earths, alkaline, 329 
Ebonite, 541 
Effervescence, 89 
Efflorescence, 49 
Egg-shells, 82 
Eikonogen, 693 
Elaidic acid, 580, 783 
Elastine, 657 
Elaterin, 729 
Elaterium, 729 
Elba iron ore, 356 
Electrical amalgam, 457 
Electro-chemical list, 299 

equivalents, 300 
Electrodes) 12, 299 
Electro-gilding, 477 
Electrolysis defined, 13, 298 

of fatty acids, 578 _ 
of hydrochloric acid, 173 
of salts, 299 

of sulphuric acid, 13, 299 
of water, 12, 299 
Electrolyte, 298 
Electrolytes, 12, 299 
Electro-negative elements, 13 
plating, 449 
positive elements, 13 
Element defined, 3 
Elements, groups of, 277 
Elemi-resin, 543 
EUagio acid, 590 
Emboli te, 453 
Emerald, 345 
Emerald green, 258, S74 
Emery, 349 
Emetics, 1599 
Emetine, ybo 
Empirical formulffi, 509 
Empyreumatic, 538 
Emulsm, 566 
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Enamel glass, 480 
Enantiomoii)hous, 600 
Endosmosc, 794 
Endothermic, 151, 280 
Energy, chemical, 279 
Eosins, 704 
Epsom salts, 338 
Eqnivalent defined, 17 
■EtpOTtdenis ticids md. hoEes, 

Ergot of rye, 711 
Enicic acid, 580 
Erythi'ic acid, 695 
Erythrite, 560 
Erythro-dextrin, 716 
-glycol, 560 
Eserine, 762 
Essence of almonds, 566 

turpentine, 538 
Essential oUs, 538 

extraction of, 538 

Esters, 618 
Ethal, 623 

Ethalic (pahnitjc) acid, 780 
Ethane, 517 

constitution of, 514 
Ethene, 521 

-alcohol, 556 
-diamines, 642 
-dihromido, 556, 613 
-dichloride, 613 
-di-iodide, 613 
-naphthalene, 336 
-triamines, 587 
Ether, 606 

chemical constitution, 606 
decomposition by heat, loi 
reactions yielding, €>09 
Ethereal salts, 618 
Etherification, continuous, 607 
theory of, 607 

Ethers, derivation from alcohols, 606 
mixed, 609 

perfuming and flavouring, 623 
table of, 610 
Ethine, 523 
Ethionic acid, 521, 628 
anhydride, 521 
Ethoxides, 546 
Ethoxyl, 632 
Ethyl, 582 

acetamide, 647 
acetate, 622 
aceto-acetate, 622 
alcohol, S44 
aldehyde, 564 
allophanate, 652 
aUyl ether, 610 
amine, 640 

hydrochloride, 640 

ethyl thiocarbonate, 685 
arsenite, 621 
benzoate, 624 
benzyl ether, 610 
borate, 621 
herie aaid, 632, 
bromide, 612 
butyl ether, 610 
butyrate, 623 
caprate, 623 
carbamate, 652 
carbaminc, 680 


Ethyl, carbimide, 684 
carbinol, 551 
carbonate, 621 
chloride, 611 
cyanate, 684 
cyanide, 679 
diazo-acetatc, 660 
ether, 606, 610 
formate, 622 
glycerine, 610 
hydrate, 544, 582 
hydride, 517, 582 
iodide, 612 
isocyanate, 684 
isocyanide, 680 
isothiocyanate, 685 
malonate, 624 
mustard oil, 685 
nitrate, 620 
nitrite, 620 
nitrosamine, 640 
orthocarbonate, 621 
oxalacetate, 624 
oxalate, 624 
oxamate, 649 
oxamide, 649 
oxysulphide, 555 
pelargonate, 623 
perchlorate, 621 
phosphates, 621 
phosphines, 633 
phosphinic acids, 633 
propargyl ether, 610 
propyl ether, 610 
quinol dicarboxylate, 699 
salicylate, 624 
sllitiTAtss, 62X 
Bodaceto-acetate, 622 
sncoinyl succinate, 699 
sulphates, 620 
sulphides, 554 
sulphinic acid, 628 
sulphite, 627 
Bulphone, 555 
sulphonio acid, 627 

chloride, 555 
' thiocarbimide, 685 
ureas, 684 
Ethylates, 548 ■ 

Ethylene, 102, 521 

-diamine, 642 
bromide, 521, 613 . 
chloride, 521, 673 
diformamide, 647 
glycol, 556 
hydrate chloride, 610 
lactic acid, 587 
oxide, 610 
succinic acid, 593 
Ethylidene chloride, 613 

lactic acid, 585 
succinic acid, 594 
Ethylsulphuric acid, 619 
Eucalyptus, 540 
EiVKiitonsie, 1.63 

-water, 757 

Eudiometer Cavendish, 39 
Ure’s siphon, 41 
Eudiometric analysis of air, 41 

marsh-gas, 118 

Eupyrion matches, 183 
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Eurhodincs, 747 
EiixaatMc acid, 730 
Euxantlune, 730 
Enxantlione, 730 

Evaporation, influence of pressure on, 
290 

Even numbers, law of, 510 
Evemic acid, 695 
Eveminic acid, 695 
Exalgin, 645 
Excretions, 803 
JExitdle, 402 
Explosions, 39 

in coal-mines, 105 
sympathetic, 723 

Fagoting, 367 
Fallowing, 799 
Faraday’s law, 300 
Farinose, 716 
Farm-yard manure, 798 
Fast colours, 776 
Fats, 627, 778 

fusing points of, 779, 780 
Fatty acid series, 577 
Fehling’s test, S59. 708 
Felspar, 346, 352 
Fenchene, 539 
Fermentation, 81, S45 

acetous, 572 
alcoholic, S4S 
arrested, 218, 545 
viscous, 561 

Ferrates, 378 
Ferric acetate, 573 
acid, 378 

ammouio-citrate, 603 
benzoate, 582 
carbonate, 379 
chloride, 380 
citrate, 603 
cyanide, 673 
ferrocyanide, 671 
oxalate, 592 
oxide, 377 
oxychloride, 380 
phosphate, 380 
succinate, 593 
sulphate, 379 
Ferricum, 381 
Ferricyanides, 673, 674 
Ferricyanogen, 673 
Ferrocyanides, 672, 673 
Ferrocyanogen, 672 
Ferro-manganese, 370 
Ferrosoferric oxide, 377 
Ferrosnm, 381 
Ferrous arsenate, 379 
chloride, 380 
carbonate, 379 
cyanides, 671 
ferricyanide, 674 
ferrocyanide, 671 
hydroxide, 377 
iodide, 380 
oxalate, 592 
oxide, 377 
phosphate, 379 
silicate, 380 
sulphate, 379 


Ferrous sulphide, 380 
Forrum rcdactum, 377 
Fibrin, blood, 737 
muscle, 737 
vegetable, 739 

Fibrinogen, 738 , 

Fibroin, 740 
Filtration, 75 
Finery cinder, 365 
Fire-bricks, 483 
-clay, 347 
-damp, 106 

indicator, 109 
Fires, blue flame in, 94 
coloured, 181 
Fish oils, 780 
shells, 82 

Fixing photographic prints, 231 
Flags, Yorkshire, 484 
Flake-white, 400 
Flame, analysis of, siphon, 113 
blowpipe, 117 
cause of luminosity in, 114 
effect of pressure on, 116 

wire gauze on, iii 
experiments on, iii 
extinction by gases, 84 
oxidising and reducing, 117 
structure of, 109 

Flames, simple and compound, 109 
smoky, 114 

Flashing point of oils, 515 
Flask, three-necked, 113 
Flavin, 728 
Flavopurpuriu, 701 
Flesh, 795 

juice of, 656, 795 
sugar of, 697 
Flint, 121 

and steel, 121 
Flints dissolved, 321 
Florence flask, 38 
Floss-hole, 365 
Flowers bleached, 218 
Fluoboric acid, 203 
Fluoranthrene, 538 
Fluorcne, 535 
Fluorescein, 695, 705 
Fluorescence, 705, 759 
Fluoric acid, 198 
Fluoride of calcium, 198, 330 
silicon, 201 

Fluorides, 200 t 

Fluorine, 198 
Fluor spar, 198 
Flux, 359 

Baumd’s, 489 
Fog, 68 

Food, plastic constituents of, 804 
preservation of, 804 
respiratory constitutents of, 804 
Forge-iron, 363 
Formaldehyde, 565 
Formaline, 565 
Formamides, 647 
Formates, 572 
Formic acid, 571 

aldehyde, 565 
ether, 622 
thio-aldehyd, 685 
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Fonuins, 627 
Formonitrilo, 678 
Fomoso, 714 

Formula:, axial sjunmetrical, 595 
calculation of, 43, 509 
empirical, 511 
graphic, 511 
molecular, 511 

Foi-mute, piano symmetrical, 595 
rational, 511 
structural, 511 
Fouling of guns, 500 
Fountlry iron, 363 
Fractional distillation, 516 
precipitation, 578 
JFi-anJclinite, 378 
Fraxin, 727 
Freestone^ 484 
Freezing apparatus, 136 

in red-hot crucibles, 217 
mixtures, 137, 324 
of mater, 59 

French chalk, 336 , 

Friction-tubes, 180 
Friedel and Craft’s reaction, 533 
Fructose, 707 
Fruit essences, 623 
sugar, 7071 

Fruits, ripening of, 801 
Fuchsine, 703 
Fucose, 706 
Fucusol, 568 

Fuel, calorific intensity calculated, 502 
value calculated, 502 
chemistry of, 501 
Fuels, composition of, 503 
gaseous, 506 
illuminating, 116 
Fuller’s earth, 347 
Fulminate of mercury, 686 
silver, 688 
Fulminates, 686 
Fulminating gold, 478, 676 
platinum, 466 
silver, 451 
Fulminic acid, 687 
Fulminurates, 689 
Fulminuric acid, 689 
Fumaric acid, 594 
Fumaroid structure, S9S 
Fumaryl dichloride, 618 
Fumigation with sulphxrrous acid, 218 
Fuming sulphuric acid, 220 
irumitory, 595 
Funnel tube, 19 
Fur in kettles, 54 
Furfural, 568 
Ihirfuramide, 568 
Furfurane, 744 
Fnrfnryl alcohol, 568 
Furnace, gas, 19 

regenerative, 505 
reverberatory, 95 
Furnaces, theory of, 505 

waste of heat in, 505 
Fusco-cobalt salts, 384 
Fusel oil, 552 
Fusible alloy, 399 
Fusing points, 763 

of fats, 781 


Fusion, 122 
Fustic, 696, 730 
Fuze, electric, 447 

percussion, 247 

GadesiNE, 642 
Gadolinite, 354 
Gahnite, 378 
Galactonic acid, 712 
Galactose, 708 
Galena, 419 
Gallic acid, 589 

synthesis of, 589 
anhydride, 590 
Gallium, 353 
Gall-nuts, 590 
Gallotannic acid, 590 
Gallstones, 743 
Galvanic battery, ii, 12 
ceU, 298 

Galvanised iron, 339 
Gambodic acid, 730 
Gamboge, 696, 730 
Gangno, 360 
Ganister, 370 

Garlic, essential oil of, 686 
Garnet, 351 
Gai-nierite, 384 
Gas-burners, 114 
carbon, 773 
composition of, 119 
cylinder, 26 
holder, 97 
jar, 31 

manufacture, 772 
valuation of, 103 
Gases, analysis of, 42, 118 
diffusion of, 22 
expansion by heat, 497 
• in waters, 51 

solubility of, 291 
Gasolene, 515 
Gastric juice, 802 
Gaultheria, oil of,^624 
Gaylussite, 331 
Gedgo’s metal, 441 
Gelatin, 739 
Gelatine dynamite, 626 
Gelose, 718 
Gentianin, 729 
Germanium, 418 
German silver, 384, 441 
Germination, 785 
Germs of disease, 68 
Geysers, 12X 
Gilibsite, 349 
Gilding, 477 

. porcelain, 483 
Gin, 789 
Glass, 479 

Bohemian, 480 
bottle, 480 
coloured, 481 
composition of, 480 
crown, 480 
etched, 199 
fiint, 480 
■gall, 480 
of antimony, 405 
plate, 480 
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Glass, potash, 480 
silvered, 450 
soda, 479 
soluble, 321 
tougheued, 481 
window, 479 
Glauherite, 319 , 

Glauber’s salt, 229, 319 
Glaze fqr earthenware, 482 
Glazier’s diamond, 71 
Gliadin, 739 
Globulin, 737 
Glucinum, 345 
Glucobeptonic acid, 708 
Gluoobeptose, 708 
Gluconic acid, 715 
Glucosan, 707 
Glucosazone, 714 
Glucose, 706 

artificial, 706 
Glucoses, 706 

synthesis of, 714 
Glucosides, 726 
Glucosone, 714 
Glue, 740 

liquid, 740 
Glutamic acid, 739 
Gluten, 715, 739 
Glutin, 739 

Glyceric acid, 559, 587 

aldehyde, 559, 566 
Glycerides, 558 
Glycerine, 558, 559 
ether, 610 
soap, 782 
Glycerol, 558 

ethereal salts of, 625 
Glycerose, 706 
Glyceryl-arsenite, 626 
borate, 626 
mononitrate, 626 
phosphate, 626 
tritaromide, 615 
trichloride, 614 
tricyanide, 602 
trinitrate, 559 
. Glycocholic acid, 742 
Glycocine (glycocoll) (glycine), 654 
synthesis of, 654 
Glycogen, 717 
Glycol, 556 

aldehyde, 557 
amide, 648 
chlorhydrin, 557 
disodium, 557 
ethereal salts of, 624 
ethers, 610 
monosodium, 557 
Glycolide, 597 
Glycollic acid, 507, 584 
Glycols, secondary, 556 
tertiary, 556 
Glycolyl urea, 656 
Glycosine, 566 
Glycuronic acid, 587 
Glycyphillln, 727 
Glycyrrhizic acid, 729 
Glyosal, 566 
Glyosalio acid, 587 
Glyoxyllo acid, 587 


Glyoxylin, 626 
Glyoxyl urea, 750 
Gneiss, 351 
Gnomium, 386 
Gold, 472 

arsenide, 478 

assay by cupcllation, 475 

bronze, 397 

chloride, 478 

coin, 47 S 

crucible,, 477 

cyanides, 676 

dissolved, 186 

extracted from silver, 474 

extraction, 473 

fulminating, 478 

identified, 148 

leaf, 476 

oxides, 477 

physical properties of, 476 
refining, 474 

removal of mercury from, 457 
ruby, 24s, 476 

separated from silver and copper, 227 
sodium-hyposulphite, 478 
standard, 475 
sulphides, 478 
testing, 475 
thread, 476 
Gongs, 412 
Goose-fat, 627 
Goulard’s extract, 574 
Grains, brewers’, 786 
Granite, 346 

disintegration of, 347 
Granitic rocks, 306, 346 
Granulated zinc, 19 
Granulose, 716 
Grape-sugar, 706 
Grapes, colouring matter of, 729 
Graphic formula, 511 
Graphite, 71 

in cast-iron, 72, 362 
Graphitic acid, 72 
Green, arsenical, 261 

borate of chromium, 393 
Brunswick, 445 
chrome, 393 
colour of plants, 729 
fire, 181 

flame of barium, 329 

boracic acid, 129 
copper, 445 
thallium, 432 
hydroqulnone, 699 
malachite, 444 
mineral, 444 
Kinmann’s, 383 
salt of Magnus, 467 
vitriol, 379 

Grey antimony ore, 400 
copper ore, 434 
iron, 362 
powder, 456 
Grinder’s waste, 372 
Gristle, 739 
Grotto del Cane, 83 
Grongh saltpetre, 486 
Grove’s battery, 12 
Guaiacol, 694 
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Gualacnm, resin, 543, 694 
Guanidines, 653 
Guanine, 653, 751 
Guano, 798 
Guignot’s green, 393 
Gulose, 708 
Gum ^abic, 717 
Bassora, 718 
British, 716 
Senegal, 718 
tragacantli, 718 
Gums, 717 
Gum-sugar, 706, 718 
Gun-cotton, 720 

Abel’s, 723 

compared with gunpowder, 723 
composition, 720 
, explosion, 722 

manufacture, 721 
products of expiosion of, 722 
properties, 723 
pulp, 721 

reconversion of, 720 
Gun-metal, 411 
Gunpowder, 485 

brown, 493 

calculation of energy of, 496 
composition, 491 
equation of explosion, 496 
explosion under pressure, 50° 
examination of, 494 
beat of combustion, 497 
Influence of size of grain, 493 
manufacture, 491 
preparation in laboratory, 500 
products of explosion, 494 
properties of, 493 
temperature of combustion, 497 
volume of gas from, .497 
white, 181 
Gutta-percha, 541 
Gypsum, 332 

HiCMATEIN, 731 
Ha:matin, 742 
Ramaiite, 21:1;, 446 
Hrematoxylin, 731 
Htcmin, 742 
Hsemoglobin, 742 
Hair-dye, 232, 452 
Halogen defined, 203 

derivatives, 610 

from acids, 617 
from aldehydes, 616 
of olosed-ohain hydro- 
carbons, 615 
of open-chain hydrocar- 
bons, 610 

Halogens, review of, 203 
Haloid salts, 203 
Hammer-slag, 367 . 

Hard metal, 411 
Hardness, degrees of, 53 

permanent and temporary, 55 
Hard water, 52 
Hargreave's soda process, 315 
Hartshorn, spirit of, 136 
Hatchett’s brown, 673 
JIaucritc, 390 
Hausmannite, 387 


Hay, smell of, 567 
Heat and temperature, 502, 503 
atomic, 273 
of combustion, 501 

relation to chemical attraction, 35, 280 , 
282 

specific, 491 - 
units, 282 

Heating of hay-richs, 78 
Hants of formation calculated, 282 
Heavy lead ore, 429 
spar, 327 
Helicin, 726 
Helium, 304, 770 
Hellebore, 728 

Helleborein, 728 . 

HtmimorpliHe, 340 
Hemipinic acid, 758 
Hemiterpene, 539 
Hemlock, 754 
Henbane, 756 
Hepatic waters, 58 
Heptane, 515 
Heptoic acid, 576 
Heptoses, 706 
Hcrapatbite, 759 
Hesperidene, 540 
Hesperidin, 727 
Hesperitin, 727 
Hexacetyl cellulose, 720 
Hexa-cblorobenzene, 526 
hydrio alcohol, 561 
hydroxyanthraqulnone, 590, 702 
hydroxj'benzeno, 698 
nitro-diphenylamine, 644 
Hexoic acid, 576 
Hexoses, 708 

stereo-isomerism of, 713 
Hexoxyanthraquinonc, 702 
Hexyl alcohol, 552 

fermentation, 552 
butyrate, 552 
carbinol, 552 
Hippurates, 655 
Hippuric acid, 655 
Holmia, 354 
Homologous series, 514 
Honey, 709 
Hopeite, 345 
Hop substitute, 692 
Hops, 786 

essential oil of, 538 
Hornblende, 352 
Horn-lead, 431 

quiclcsilver, 461 
silver, 453 

Horse-chestnut bark, 727 
Hot blast, theory of, 358, 359 
Humic acid, 797 
Humus, 797 
Hyacinth, 417 
Hydantoin, 656 
Hydramines, 642 
BydrargyllUe, 349 
Hydrargyrum cum creta, 456 
Hydrates, 50 
Hydraulic cements, 485 
main, 772 

Hydrazine hydrate, 161 
Hydrazines, 161, 663 
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Hydrazines identified, 664 
Hydrazobenzene, 662 
Hydrazones, 606 
Hj'drazulmin, 666 
Hydrides of alcohol radicles, 515 
Hydrindigotin, 731 
Hydidodic acid, ig6 
Hydrobenzamide, 567 
Hydrdboracite, 338 
Hydrobromic acid, 190 
Hydrocarbons, 99, 513, 772 

open- and closed-chain, 524 
Hydrocellulose, 719 
Hydrochloric acid, 170 

action of, on metals, 174 
analysis of, 173 
electrolysis of, 173 
from alkali works, 171 
sjmthesis of, 166 
yellow, 171 

Hydi'ocobalticyanic acid, 671 
Hydrocoeruliguone, 691 
Hydrocotamine, 756 
Hydrocyanic acid, 668 

synthesis of, 669 
tests for, 669 

Hydroferricyanic acid, 673 
Hydroferrocyanic acid, 671 
Hydrofluoboric acid, 203 
Hydrofluoric acid, 198 
Hydrofluosiliolo acid, 202 
Hydrogel fonn, 123 
Hydrogen, 18 

antimouido, 403 
arsenide, 263 

calorific intensity calculated, 504 
value, 502 
chloride, 170 
combustion of, 26, 27 
dioxide, 60 
experiments with, 25 
identified, 13 
molecule, weight of, 22 
nitride, 161 
peroxide, 60 

tests for, 61 
persulphide, 215 
phosphides, 254 
preparation, 19, 20 
properties of, 21 
pm'ification, 43 
selenietted, 239 
sulphide, 211 
Hydro-isatin, 733 
Hydrolysis, 256, 726 
Hydromellonic acid, 683 
Hydronitroprussic acid, 675 
Hydroplatinocyanic acid, 677 
Hydro-potassium tartrate, S99 
Hydroquinone, 695, 699 
Hydrosalicylamide, 567 
Hydroselenio acid, 239 
Hydrosol form, 123 
Hydrosulphuric acid, 211 

tests for, 214 
use in analysis, 214 
Hydrosnlphurous acid, 232 '' 

Hydrotelluric acid, 239 
Hydroxides, 50 
Hydroxy-acetic acid, 584 
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Hydroxy-acids, 570, 583 
anthrauol, 700 
benzaldehydes, 567 
benzenes, 526, 689 
benzoic acids, 588 
butyric acids, 587 
caproic acid, 587, 658 
‘ ethjdamine, 642 
formic acid, 571 
malonic acid, 597 
nicotinic acid, 755 
oleic acid, 587 
propionic acid, 584 
quinoline, 747 
succinic acid, 594 
toluenes, 693 
tricarballylic acid, 602 
Hydroxyl, 50 

amine, 158 
Hyoscyamino, 755 
Hypobromous acid, 1S9 
Hypochlorites, 176 
Hypochlorous acid, 176 

anhydride, 175 
Hypoga:ic acid, 579 
Hypouitritcs, 157 
Hjqionitrous acid, 157 
Hypophosphitcs, 251 
Hypophosphorous acid, 251 
Hjiiosulphates, 232 
Hyposulphite of soda, 232 
Hyposulphites, 232 
Hyposulphuric (dithionic) acid, 232 
Hyposulphurous acid, 232 
Hypoxanthine, 751 

Ice, 59 

Iceland spar, 331 
Imldes, 638, 649 
Imidodiphenyl, 646 
Imidogen, 649 
Incandescent burners, 418 
Incorporating mill, 492 
Incrustation on charcoal, 117 
Incrustations in boilers, 53 
Indian fire, 265 
734 

India-rubber, 540 
Indican, 731 
Indifferent oxides, 34 
Indigo, 731 

artificial, 732 
blue, 731 
brown, 731 
copper, 446 
gluten, 731 
red, 731 
reduced, 732 
vat, preparation, 732 
white, 731, 732 
Indiglucin, 731 
Indlgotin, 731 

sulphonic acids, 732 
Indium,, 353 
Indole, 733 
Indophonol, 646 
Indoxyl, 734 
Induction-coil, 15 
Ink, 589 

blue, 672 
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Ink stains removed, 176 
Inorg;anic substances, 6 
Inosite, 697 

Instantaneous light, 465 
Introduction, i 
Intumescence, 321 
Inulin, 717 
Invert sugar, 707 
lodammonium iodide, 197 
lodates, 195 
Iodic acid, 195 
Iodide of nitrogen, 197 
Iodides, 194 
Iodine, 191 

bromides, 197 
chlorides, 197 
green, 704 
oxides, 194 
scarlet, 461 
test for, 193 
tincture of, 193 
Iodised starch-paper, 62 
lodobenzene, 615 
Iodoform, 614 
lodosobenzene, 615 
lodoxyhenzene, 615 
Ionisation, degree of, 301 
Ions, 298 

Iridio-platinum alloy, 471 
Iridium, 471 
Iron, 355 

acetate, 573 

action of acids on, 147, 173, 377 
air on, 339 
on water, 19 
allotropic, 375 
amalgam, 457 
, and carbon, 362 
and oxygon, 34 
bar, 367 
carbide, 375 
carbonate, 357 
carbon in, 362, 364 
carbonyls, 381 
cast, 361 

chemical properties of, 376 

chlorides, 380 

cold-short, 369 

critical temperature of, 375 

extraction in the laboratory, 376 

fibre in, 369 

galvanised, 339 

glance, 356 

grey, 362 

group of metals reviewed, 395 
iodide, 380 
magnetic oxide, 378 
metallurgy of, 357 
mottled, 362 
mould, 376 
nitride, 381 
ores, 355 

calcining or roasting, 357 
oxides, 377 
passive state of, 377 
phosphates, 379 
phosphorus in, 370 
plates cleansed, 409 
puddled, 368 
pure, preparation of, 376 


Iron pyrites, 357, 380 
Iron, pyrophoric, 98 
red-short, 369 
refining, 364 
rusting, 376 
sand, 356, 416 
scurf, 4% 
smelting, 357 
specular, 356 
sulphates, 379 
sulphides, 212, 380 
sulphur in, 362 
tincture of, 380 
tinned, 409 
white, 362 
wire, 368 
wrought, 364 

direct extraction, 376 
manufacture, 364 

Isatic acid, 733 
Isatin, 733 
Isatinic acid, 733 
Isatropic acid, 755 
Isatyde, 733 
Iserine, 416 
Isethionic acid, 522 

chloride, 659 
Isinglass, 740 
Isobarbituric acid, 751 
Iso-butane, 518 
butylene, 522 
butyl alcohol, 548, 551 
cholesterin, 743 
cumene, 772 
cyanides, 679 
cyanuric acid, 689 
dialurio acid, 751 
di-morphism, 402 
Isomeric alcohols, 549 
Isomerides, 519, 527, 585, 601 
Isomerism, 519, 527, 585, 601 

explanation of, 518, 519 
position, 527 
Isomorphism, 274 
Isoparaffins, 518 
pentane, 519 
phthalic acid, 596 
prene, 539, 541 
propyl, 550, SSI 

alcohol, 550, SSI 
benzoic acid, 583 
carbinol, 550, 551 
quinoline, 747 
Iso-succinic acid, 594 
uric acid, 751 
uvitic acid, 597 
valeric aldehyde, 565 
Isotonic solutions, 294 
Itaconic acid, 596, 603 
Ivory, artificial, 725 
black, 76 

Jabokandixi;, 762 
Jalapin, 728 
Jalapinol, 728 

Jasper, 121 ' 

Jatrophine, 784 ■, 

Jellies, fruit, 801 
Jervine, 761 
Jet, 80 
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Jet for burning gases, 26 
Jewellers’ rouge, 377 
Juniper, essential oil of, $3^ 

Kainit, 311, 338 
Kairin, 747 , 

KatoJyl, 633 

chloride, 634 
compounds, 634 
cyanide, 634 
oxide, 634 
sulphide, 634 
trichloride, 634 
Kakodylic acid, 634 
Kaolin, 347 
Kekuld’s chain, 530 
Kelp, 191 
Keratin, 740 
Kermes mineral, 405 
Kernel roasting, 446 
Kerosene, 515 
Ketols, 605 
Ketone-acids, 556, 605 

alcohols, 556, 605 
aldehydes, 556, 605 
Ketones, 603 

double, 604 
table of, 60s 

Ketonio decomposition, 623 
Ketoses, 706 
Ketoximes, 606 
Kid; 778 
Kieselguhr, 625 
Kieserite, 338 

Kinetic theory of gases, 287 

method of measuring affinity, 286 
King’s yellow, 266 
Kino, 589, 693 
Kipp’s apparatus, 83 
Kirschwasser, 789 
Kish, 71 

Kjeldahl’s method, 508 
Kola nut, 753 
Kosine, 729 
Koumiss, 711 
Kreasote, 693 
Kreatine — see Creatine 
ICresol, 693 
Kryolite, 350 
Kupfernichel, 385 
Kyanising wood, 801 
Kyanite, 352 

Lab, 738 
Lac, 734 
Lacquer, 734 
Lacquering, 441 
Lactamide, 648 
Lactams, 658 
Lactarine, 738 
Lactates, 585 
Lactic acid, 585 

anhydride, 585 
fermentation, 585 
series of acids, 570 
Laotims, 659 
Lactidc, 585 
Lactometer, 793 
Lactones, 587 
Lactose, 711 


Lactyl chloride, 618 
Lteyo-rotatory, 539, 600 
Lffivotartaric acid, 600 
Lsevulosan, 707 
Lsevulose, 707 
Lakes, alumina, 350 
Lamp-black, 72 

w’ithout flame, 465 
Lanarliite, 431 
Lanolin, 743 
Lanthanium, 3:52 
Lanthopino, 756 
lAipis lazuli, 352 
Lard, 627 
Laudanine, 756 
Laudanosine, 756 , 

Laudanum, 756 
Laughing gas, 150 
Laurel water, 669 
Laurie acid, 576 

aldehj’dc, 564 
LaiiriU, 471 
Lauth’S violet, 645 
Lava, 352 

Law of even numbers, 510 

multiple proportions, 268 
periodic, 275 
thermochemistry, 281 
Lead, 418 

acetates, 573, 574 
action of acids on, 427 
on water, 57 
amalgam, 457 
argentiferous, 422 
calcining, 422 
carbonates, 429, 430 
chlorides, 431 
chlorobromido, 431 
cblorosulphide, 432 
chromates, 392 
desilverising process, 423 
dioxide, 429 

extraction in laboratory, 425 
fume, 421 

-glazed earthenware, 428 

hard, 422 

hydroxide, 429 

improving process, 422 

in cider, &c., 427 

in water, 57 , 

iodide, 194, 431 

malate, 597 

metallurgy of, 420 

molybdate, 396 

nitrate, 429 

oleate, 580 

ores, 419 

oxides, 427 

in glass, 480 
oxychlorides, 431 
phosphate, 431 
plaster, 580 
propylate, 595 
pyrophorus, 427 
selenide, 432 
smelting, 420 
Spanish, 422 
sugar of, 573 
sulphate, 431 
sulphides, 431 
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Lead tartrate, 427 
‘test for, 57 
tetraniothyl, 635 
tctrotliyl, 635 
thiosulpliate, 232 
tribasic acetate, 574 
trietbyl, 635 
uses, 426 
■vanadate, 406 
Lead vitriol, 431 
Leaden cistern, 57 
coffins, 427 
Leadhillite, 431 
Leather, 778 
Leaven, 790 

Leblanc alkali process, 314 
Lecanorie acid, 695 
Lecithin, 741 
Legumin, 739 
Lemeiy’s volcano, 210 
Lemons, essential oil of, 538 
Lepidine, 746 
Lepidolite, 325 
Lenoaniline, 703 
Leucic acid, 587 
Leucine, 657 
Leuoo-base, 702 
Leucone, 127 
Leuco-pararosaniline, 703 
Levulinio acid, 606 
lAbefhenite, 444 

Lichens, colouring matters from, 695 
Liebermaun’s reaction, 641 
Liebig’s condenser, 59 
extract, 796 

Light, action on silver chloride, 231 
carburetted hydrogen, 104 
oil of coal-tar, 525, 774 
Lignin, 718 
Lignite, 79 
Ligroin, 515 
Lime, 331 

action on soils, 799 
air-slaked, 332 
-burning, 331 
carbonate in waters, 53 
chloride of, 177 
-kiins, 331 
-light, 45 

pliospliJitGSj 3^4- 

purifier, 773 
~sfonc, 330 
sulphate, 332 
superiihosphatc, 334 
water, 332 
Limonene, 539 
Linen, 718 
Linolcic acid, 581 
LiTiolenic acid, 581 
Linseed, 718 

oil, 779 
Liquation, 447 
Liquor ammonia:, lac 
chlori, 164 
iodi, 193 
sanguinis, 795 
Liquorice root, 729 
Litharge, 427 - 
Lithia, 325 
TAthia-mica, 325 


Lithio acid, 747 
Lithium, 325 

blowpipe test for, 326 
urate, 748 
Lithofracteur, 626 
Litmus, 69s 
Loadstone, 356 
Loam, 347 
Logwood, 73t 

Looking-glasses silvered, 450 
Lucifer matches, 246 
Lugol’s solution, 193 
Luminosity of flames, no 
Lunar caustic, 451 
Lupulin, 786 
Luteo-cobalt salts, 384 
Luteolin, 730 
Lutidifie, 745 
Luting for crucibles, 341 
iron joints, 210 
Lycopodium, 109 
Lysol, 693 

StA-Ci-UKiN, 730 
Madder, 700 

-lakes, 701 
Magenta, 703, 775 
Magic lantern, oil for, 542 
Magnesia, 337 

calcined, 337 
citrate, 603 

Magnesium limestone, 337 

for building, 484 

Magnesite, 336 
Magnesium, 336 

action on water, 18 
ammonio-chloride, 339 
phosphate, 338 
ammonium arsenate, 338 
arsenite, 261 
borate, 338 
cai-bonate, 337 
chloride, 338 . 
citrate, 603 
fluoride, 200 
group, review of, 346 
hydroxide, 337. 
methide, 637 
nitride, 336 
phosphates, 338 
silicates, 336 
silicide, 127 
sulphate, 337 

Magnet-fuze composition, 447 
Magnetic iron ore, 356, 378 
Magnetite, 378 
Magnetic rotatory power, 768 
Magnus’ green salt, 467 
Malachite, 434 

green, 703 
Maleic acid, 595 
Malic acid, 597 
Malonic acid, 593 
ether, 624 
ilalonyl urea, 750 
Malt, 785 

-dust, 785 
high-dried, 787 
Malting, 784 
Maltose, 71 1 
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Mandelic acid, 589 
llanganates, 388 
Manganese, 386 

binoxide, 387 
Manganese Uack, 387 
hlende, 390 
Manganese bronze, 412 

carbonate, 386 
chlorides, 389 
dioxide, 387 
oxalate, 593 
oxides, 387 
peroxide, 387 
recovery, 390 
separated from iron, 390 
Manganese spar, 386 
Manganese sulphate, 390 
sulphide, 390 
Manganic acid, 388 
Manganite, 388 
Manna, 561 

Australian, 712 
trehala, 711 
Mannitane, 561 
Mannite (mannitol), 361 
glycerides, 561 
Mannose, 561, 708 
Mannonic acid, 561 
Mannyl hexanitrate, 561 
Mantle of flame, 112 
Mantles for Welsbach burners, 418 
Manures, 798 
Manuring, 797 
Maraschino, 789 
Marble, 331 

Marcasite (iron pyrites), 380 
Margaric acid, 577 
Margarin, 577 
Margarine, 780 
Marine glue, 540 
Marking-ink, 452 
Marl, 347 
Marsh-gas, 104, 517 

series, 513 

Marsh’s test for arsenic, 263 
Martius’ yellow, 693 
Mascagnine, 323 
Mashing, 786 
Mass, action of, 284 
active, 284 
Massicot, 427 
Matches, 180, 246 

safety, 246 

without phosphorus, 246 
Matd, 753 
Matlockite, 431 
3 ratte, 435 
Mauve djn, 774 
Mauveine, 774 
Meadow-sweet, oil of, 567 
Meal-powder, 492 
Meconates, 602 
Meconic acid, 602 
Meconidine, 756 
Mcconine, 757 
Meerschaum, 338 
Melam, 683 
Sfolamine, 683 
Melaniline, 653 
Melezitosc, 712 


Melissenc, 781 
Melissyl alcohol, 552 
melissate, 624 
palmitato, 623 
Mclitose, 712 
Mellitic acid, 603 
Mellone, 683 
Mellonides, 683 
Menaccanite, 416 
Mendeldelf’s law, 275 
Mendipite, 431 
Menthene, 539 
Menthol, 539 
Mercaptan, 554 
Mercaptides, 554 
Merchant har iron, 367 
Mercuric chloride, 459 
cyanide, 676 
ethidc, 636 
fulminate, 686 
iodide, 461 
methide, 636 
niti-ate, 458 
oxycyanide, 676 
sulphate, 458 
sulphide, 462 

Mercuroso-mercnric iodide, 461 
Mercurous acetate, 573 
chloride, 460 
cobalticyanide, 671 
iodide, 461 
nitrate, 458 
sulphate, 458 
sulphide, 462 
Mercury, 454 

allyl hydroxide, 615 
iodide, 461, 615 
amido-chloride, 460 
ammoniated oxide, 458 
bichloride, 459 
chlorosulphide, 463 
diphenyl, 636 
ethyl chloride, 636 
hydroxide, 636 
frozen, 92 
fulminate, 686 
metallurgy of, 455 
methyl chloride, 636 
nitric oxide of, 458 
nitride, 458 
oxides, 457 
phenyl chloride, 636 

hydroxide, 636 
protonitrate, 458 
stains removed from gold, 457 
uses of, 456 
volatility of, 457 
yellow oxide, 458 
Mesaconio acid, 596 
Mesitylone, 533, 605 
Mesitylenio acid, 583 
Mesityl oxide, 605 
Mcsotartaric acid, 6co 
Mesoxalic acid, 597, 749 
Mesoxalyl urea, 749 
Metaholis, 800 
Metaboric acid, 129 
Metacellulose, 725 
Metacetonic (propylic) acid, 575 
Metacinnamenc, 534 



INDEX, 


831 


Metacresol, 693 
Metacrolein, 565 
Metadibromobenzene, 530 
Metadihydroxybenzene, 694 
Metadinitrobenzene, 629 
Metatrihydroxybenzene, 696 
Metal, definition of, 34 
Metaldebyde, 564 
Metalepsis, 167 
Meta-diazines, 746 
Metallurgy of copper, 434 
iron, 357 
lead, 420 
tin, 407 
zinc, 340 

Metals, action on water, 16 
chemistry of, 306 
noble, 18 

relations to oxygen, 32 
Metal-slag (coppeiO, 435 
Metameric, 519 
Metantimonic acid, 403 
Metaphosphates, 250 
Metaphospboric acid, 250 
Metarabin, 718 
Metarsenic acid, 26? 

Metasillcic acid, 123 
Metastannic acid, 413 
Motastyrolene, 534 
Metatartaric acid, 598 
Metaterebenthene, 539 
Metatoluidino, 645 
Metaxylene, 533 
Meteoric iron, 355 
Methane, 104, 517 

constitution of, 513 
preparation of, 105 
Methene di-iodide, 613 
diphenyl, 644 

Methods of detormining molecular weights, 

, 29s 

Methyl, S7S 

acetate, 622 
acrylic acid, 579 
alcohol, 548 
aldehyde, 565 
allyl ether, 610 
amine, 639 
aniline, 644 
arsenic acid, 634 
arsine, 633 
benzenes, 532 
benzoic acid, 583 
benzyl ether, 610 
bromide, 612 
carbamides, 652 
carbamine, 680 
carbimide, 684 
chloride, 6ri 
coniine, 754 
cyanate, 684 
cyanide, 678 
cyanurate, 684 
diphenylamine, 644 
ether, 609 
cthylamine, 641 
ethyl amylamine, 641 
aniline. 644 
ether, 610 
urea, 684 


Methyl fluoride, 612 

formamide, 647 
formate, 621 
formic acid, 572 
glycocines, 654 
glycolyl-guanidine, 656 
gnaiacol, 694 
guanidine, 656 
hydantoin, 656 , 

hydrate, 548 
iodide, 612 
isocyanate, 684 
isocyanide, 680 
methyl-saUcylate, 624 
naphthalenes, 536 
nitrate, 621 
nitrite, 621 
nonyl ketone, 605 
orange, 663 
oxalate, 622 

para-oxybenzoic acid, 588 
phenol, 693 
phenylamine, 644 
phosphines, 632 
phospbinio acids, 632 
propyl carbinol, 550 
ether, 610 

protocatechuic acid, 589 
pyrocatechol, 694 
salicylate, 624 
salicylic acid, 624 
succinic acid, 594 
sulphates, 619 
theobromine, 752 
iiracyl, 751 
ureas, 684 
violet, 704 

Methylated ether, 607 
spirit, 547 
Methylene blue, 645 
white, 645 

Mica, 347 

Microcosmio salt, 250, aan 
Mildew, 68 
Milk, 792 

constituents of, 793 
sugar, 7II 
Mill-cake, 492 
furnace, 367 
Millon's base, 458 
test, 736 

Millstone grit, 484 
Mineral cotton, 361 
green, 444 
silicates, 125 
waters, 57 
yeUow, 431 
Mines, ventilated, 88 
Minium, 428 
Mirbane essence, 525 
Mirrors, manufacture of, 450, 456 
Mtspickel, 257 
Moird metaUlque, 412 
Molasses, 709 
Molecular formulte, 509 
heats, 274 i 
volumes, 278, 765 
■weight, 270, 271, 293 

determination of, 271. 20c 
structure, 286 ' 



INDEX. 


832 

Molecule, definition, 7 
of water, 14 
Molecules, 7, zSj 

velocity of, 23, 288 
vibrations of, 286, 769 
MohjMenite, 395 
Molybdenum, 395 
Molybdio acid, 395 
ochre, 396 
Mona copper, 437 
Monad elements, 10 
Monamines, 638 
Monatomic elements, 10 
alcohols, S44 

Monethyl glycol ether, 610 
Monkshood, 761 
Monobasic acids, 149, 158, 569 
diatomic acids, 570 
Monochlorether, 609 
Monochlorhydrin, 560 
Monochlorobenzene, 526 
methane, 517 
Monoformln, 627 
Monohydric alcohols, 544, 548 
Monoses, 705 
Mordants, 662, 776 
Morin, 730 

Moritannic acid, 590, 730 
Morocco leather, 778 
Morphine, 756 

hydrochloride, 757 
meoonate, 757 
periodide, 757 
Mortar for huilding, 485 
Mosaic gold, 415 
Mould, 68 

Mountain-ash berries, 597 
Mucic acid, 602 
Mucilage, 718 
Mucin, 740 
Muffle, 426 

Mulberry calculus, 592 
Multiple proportions, 268 
Mundic (iron pyrites), 380 
Muntz metal, 441 
Murexan, 749 
Murexide, 749 
Murexoin, 753 
Muriate of morphia, 607 
Muriatic acid, 162 
Muscarine, 642 
Musk, artificial, 743 
Muslin, uninflammable, 323, 396 
Mustard, essential oil of, 684 

oil test for primary bases, 685 
Mycose, 711 
Mydatoxine, 642 
Mydine, 642 
Myosin, 737 
Myricin, 623 
Mynstio aldehyde, 564 
Myronic acid, 685 
Myrosin, 685 

Myrtle, essential oil of, 538 


Naphtha, mineral, cii; 

wood, 548 
Naphthalene, 535 

chlorides, 616 


Naphthalene chloro-substitution products, 

S3S 

disulphonic acid, 628 
nitro-substitution products, 
536, 629 
rings, 536 
sulphonic acid, 628 
yellow, 693 
Naphthalic acid, 597 
Naphthalidine, 646 
Naphthazine, 747 
Naphthoic acid, 583 
Naphthol, 693 

yellow, 693 
Naphthoquinones, 699 
Naphthohydroqiiinone, 700 
Naphthylamine, 646 
Naphthylene-dlamine, 646 
Naphthyl-phcnyl-kctone, 605 
Naples yellow, 403 
Narceine, 758 
Narcotine, 757 
Natron, 317 
Negative pole, 12 
Neodymium, 354 
Nco-parafiTins, 519 
Neo-pentane, 519 
Nervous substance, 741 
Nessler’s test, 462 
Nest sugar, 711 
Nettles, acid of, 571 
Neuridlne, 642 
Ncnrine, 642 
Neutralisation,' 16 
Newland’s law of octaves, 275 
Nickel, 384 

ammonium sulphate, 386 
arsenical, 385 
arseniosnlphide, 385 
carbonyl, 386 
cobalticyanide, 671 
cyanide, 670 
glance, a8? 
oxides, 385 
steel, 375 
sulphate, 385 
sulphides, 386 
Nicotine, 754 

ethylium dihydroxide, 755 
Nicotinic acid, 755 
Nightshade, 754 
Nil album, 341 
Nitr.aniUnes, 644 
NiU-ates, 149 
Nitrates as manure, 798 

formation in nature, 142 
Nitre, 485 

action on carbon, 488 
cubic, 486 
-heaps, 487 
purified, 500 
refining, 487 
Nitric acid, 143 

action on hydrochloric acid, 187 
metals, 146 
. organic bodies, 148 
turpentine, 148 
formation from air, 143 

ammonia, 142 


fuming, 144 
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Isitric acid preparation, 143 

tc^it of strength, 145 
anlij-dridc, 150 
ether, 620 
oxide, 152 
peroxide, 155 , 

Kitrifiaitioii, 142 
Xitriles, 678 
iitoUcs, 149, 154 
Nitro-henzeue, 525, 629 
Nitro-benzoic acid, 582 
chloroform, 629 
cinnamic acid, 733 
erjlhrlte, 560 
etheno, 629 
magnite, 626 
mannite, 561 
methane, 629 
naphthalene, 629 
paraffins, 628 
piienols, 691 
phenylamine, 644 
phenylpropiolic acid, 733 
toluenes, 629 
Nitrogen, 131 

as plant food, 797 
bromide, 190 
bulbs, 508 

chemical relations, 131 
chloride, t86 
chlorophosphidc, 256 
determination, 5°^ 
group of elements, 266 
iodide, 197 
liquified, 217 
oxides, 142 
preparatton, 131 
properties, 131 
sulphide, 236 

Nitrogenised bodies identified, 76 
Nitroglycerine, 559, 625 
Nitrolic acid, 551 
Nitrometer, 147 
Nitromuriatio acid, 187 
Nitropmssides, 674, 675 
Nitrosalicyllc acid, 726 
Nitrosamines, 641 
Nitroso-phenol, 691 
reaction, 641 

Nitro-substitution products, 148 
Kitrosyl chloride, 187 
nitrate, 187 
sulphate, 187 
Nitrous acid, 154 

formed from ammonia, 142 
ether, 6ao 
oxido, 151 

Nobel’s detonators, 626 
Nonane, 515 

Non-metallic elements, 3, 267 

review of, 267 

Nonoic acid, 576 
Nonoses, 708 
Nonylio alcohol, 548 
Nordhausen oil of vitriol, 220 
Normal salt defined, 158 
Normandy’s still, 59 
Nornarcotine, 757 
Nuclein, 741 
Nuggets, 472 


Nutmegs, essential oil of, 538 
Nutrition of animals, 801 
plants, 797 
Ntix vomica, 760 

Occlusion' of hydrogen, 46 
Ochres, 347, 356 
Octane, 515 
Octoic acid, 316 
Octoses, 708 
Octyl acetate, 352 
alcohol, 552 
OSnnnthic acid, 576 

aldehyde, 565 
Oil of cress, 679 

gauUheria, 588 
meadow-sweet, 567 
mignonette root, 685 
nasturtium, 679 
spira;a, 567 
vitriol, 221 

manufacture, 222 
wine, 620 
winter-green, 588 
Oils, 778 
Olcates, 580 
Olefiant gas, 102, 521 
Olefines, 521 

structure of, 520, 521 
Oleic acid, 579 
Olein, 579-627 
Olcocutic acid, 725 
Oligist iron ore, 356 
Olive oil, 627, 779 
Olivine, 338 
Ongx, 121 

Oolite limestone, 330 
Oolitic iron ore, 357 
Opal, T2I 

blue, 704 

Open- and closed-chain hydrocarbons, 524 
hearth process, 369 
Opianic acid, 758 
Opium, 756 

alkaloids, 756 
Orange chrome, 392 
Oranges, essential oil of, 538 
Oredin, 696 
Orchella weed, 695 
Orcin, or orcinol, 695 
Ore-furnace, 435 
Organic acids, 569 

analysis, ultimate, 507 
chemistry, 6, 507 
compounds, classified, 512 
matter identified, 69 
radicles, 512 

Organic compounds, boiling points of, 763 
fusing points of, 763 
optical properties of, 
766 

physieal properties of, 
762 

rotatory polaidsation, 
of, 767 

specific volumes, 765 
Organo-mineral compounds, 629, 632 
Oriental alabaster, 55 
Orientation of the benzene-ring, 529 
Orpiment, red, 265 

3G 
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Orpiment, yellow, 265 
Orsellinic acid, 695 

Ortho-, meta-, and para-compounds, 530 
acids, 252 
boric acid, 129 
cresol, 693 
dibromobenzene, 530 
dihydroxybonzene, 530 
phosphates, 250 
phosphoric acid, 249 
silicic acid, 123 
Orthotoluidine, 645 
Orthoclase, 351 
Osazones, 606 
Osmamines, 471 
Osmazome, 796 
Osmic acid, 470 
Osmium, 470 
Osmosis, 292, 293 
Osmotic pressure, 292 

law of, 294 
membrane, 293 
Osones, 714 
Ossein, 745 
Osweg^o, 784 
Oxalates, 592 
Oxalethylic acid, 624 
Oxalethyline, 649 
Oxalic acid, 591 

aldehyde, 566 
ether, 624 

series of acids, 370, 591 
OxalonitrUe, 678 
Oxaloyinic acid, 624 
Oxaluramide, 750 
Oxalurio acid, 750 
Oxalyl urea, 750 
Oxamethane, 649 
Oxamio acid, 649 
Oxamide, 949 
Oxatyl, 568 
Oxazines, 747 
Ox-gall, 659 
Oxidation defined, 29 

of tissue products, 803 
Oxides, 276 

types of, 276 
Oxidising flame, 117 
Oximes, 606 
Oxindole, 734 
Oxy- acids, 148 
Oxycalcium light, 45 
Oxygen, 28 

blowpipe flame, 118 
combustion in, 29 
detected, 151 
determined, 41, 5037 
extracted from air, 35, 36 
identified, 13 
liquified, 217 
positive and negative, 61 
preparation, 35, 36, 37 
properties, 28 
purification, 70 
Oxyhtemoglobin, 741 
Oxyhydrogen blowpipe, 45 
Oxymorphine, 756 
Oxymuriatic acid, 170 
Oxynaphthylamine, 646 
Oxyphenic acid, 694 


Ozokerite, 516 
Ozone, 62 

Ozonisation by phosphorus, 63 < 

Ozonised air, 62 

oxygen, 63 

Ozonising apparatus, 62 

. Paint, blackened, 214 
luminous, 334 

Paintings, effect of light and air on, 214 
Palladamine hydrochloride, 469 
Palladium, 469 
Palmitic acid, 367 

aldehyde, • 564 
Palmitin, 627 
Palmitolic acid, 581 
Palm oil, 779 
Pancreatic juice, 803 
Papaverine, 758 
Paper, 718 

action of, nitric acid on, 720 ' 
for photographic printing, 231 
Parabanic acid, 750 
Parabin, 718 
ParaceUulose, 725 
Para-compounds,- 530 
Paraconiine, 754 
Paracresol, 693 
Paracyanogen, 666 
Paradiazine, 746 
Paraflin, 515 

hydrocarbons, 515 
oil, 515 

series, 513 

Paraifins, iso- or secondary, 519 
neo- or tertiary, 519 
normal, 519 
Paraformaldehyde, 565 
Paraglobin, 737 
Paraguay tea, 753 
Paralactic acid, 585 
Paraldehyde, 564 
Paramucic acid, 602 
Paranthracene, 537 
Paratoluidine, 645 
Pararosaniline, 703 
Parchment, 778 

paper, 719 
size, 740 
vegetable, 719 
Paris yellow, 431 
' Parkes’ process, 424 
Parsley, essential oil of, 538 
Partial pressnres, law of, 290 

saturation, method of, 578 
Parting of gold, 227 
Parvolinc, 745 
Passive state, 377 
Patchouli, oil of, 538 
Patent yeUow, 431 
Pattinson’s process, 423 

oxychloride, 431 

Paviin, 727 
Paving atones, 484 
Pea iron ore, 356 
Pcachwood, 731 
Pear flavouring, 623 
Pearlash, 306 
Pearl hardener, 333 
Pearls, 82 
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Pearl-spar, 338 
Pearl white, 400 
Peat-bog:, 78 

Peat, composition of, 505 
Poetic acid, 801 
Pectin, 801 
Pectose, 8or 
Pectosic acid, 801 
Pelargonio acid, 576 
ether, 623 

Pentaohlorobenzeno, 526 
Pentad elements, 10 
Pentamethylarsine, 634 
Pentamethylene, 525 

diamine, 642 

Pentane, 519 
Pentanes, isomeric, 519 
Pentathlonio acid, 233 
Pentene, 522 
Pentoses, 706 

Pepper, essential oil of, 538 
Peppermint, essential oil of, 339 
Pepsin, 736 . 

Peptones, 736 
Perchloracetlc ether, 622 
Perchlorates, 182 
Perchloric acid, 181 

ether, 621 • 

Perchlorinated ether, 609 
Perchloronaphthalene, 535 
Perohromio acid, 394 
Percussion cap composition, 687 
. fuse, 180 
Perfume ethers, 623 
Perfumes, extraction of, 538 
' Periclase, 337 
PericUiie, 331 
Periodates, 195 
Periodic acid, 195 
Periodic law, 275 

applications of, 278 
Permanent ink, 452 
white, 327 
Permanganates, 388 
Permanganic acid, 388 
Perosmic anhydride, 470 
Perowslcite, 416 
Persulphates, 230 
Persulphocyanic acid, 682 
Persulphuric acid, 230 

anhydride, 230 
Perthiocyanogon, 683 
Per-uranates, 397 
Peruvian bark, 758 

saltpetre, 486 
Petalite, 325 
Petrifying springs, 55 
Petroleum, 105, 515 
ether, 313 
spirit, 315 
Pewter, 41 1 
Pharaoh’s serpent, 683 
Phellandrenc, 339 
Phcnacetlne, 692 
Phenanthraquinone, 702 
Phenanthrene, 337 
Phenazine, 747 
Pheneto'fl, 691 
Phenlc acid, 689 
Phenol, 689 


Phenol nquate, 690 
test for, 690 
Phenols, 689 

converted into hydrocarbons, 690 
Phenolic acids, 388 

general reactions for obtain- 
ing, 588 

Phcnol-sulphonlc acid, 693 
phthalein, 704 
Phenyl, 532 

acetate, 623 
acetic acid, 679 
acetonitrile, 679 
acetylene, 534 
acrylic acid, 383 
allyl alcohol, 334 
amine, 643 
angelic acid, 370 
aniline, 644 
benzyl ether, 610 
carbamlne, 680 
chloride, 613 
crotonic acid, 569 
cyanide, 655, 679 
dlmethylpyrazolone, 74 
ether, 691 
ethylene, 533 
ethyl ether, 691 
formic acid, 381 
glycocino, 732 
glycolllo acid, 589 
glyoxylio acid, 606 
hydrate, 689 
hydrazine, 664 
hydrosulphide, 691 
imide-amide, 664 
isocyanide, 680 
mercaptan, 691 
methyl ether, 691 

pyrazolone, 744 
orthophosphate, 691 
phenol, 691 

phenyl, 534 

phosphine oxides, 633 
phosphines, 633 
phosphonium iodides, 633 
phosphoric acids, 691 
salicylate, 624 
Phenylene blue, 646 
brown, 663 
diamine, 646 
Philosopher’s wool, 341 
Phlogistic theory, 170 
Phlogiston, 170 
Phloramine, 697 
Phloretin, 727 
Phlorizein, 727 
Phlorizin, 696, 727 
Phloroglucol, 696 
Phlorol, 694 
Phocenin, 780 
Phorone, 605 
Phosgene gas, 185 
Phosphamidea, 236 
Phosphaniline, 633 
Phosphates, 247 
Phosphcnyl chlorides, 633 
Phosphenylic acid, 633 
Phosphenylous acid, 633 
Phosphethylic acid, 621 
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Pliosphidcs, 245 
Phosphine, 253, 747 
Phosphites, 251 
Phosphohenzeno, 633 
Phosphodiamide, 256 

diethylic acid, 621 
glyceric acid, 626 
molybdate of ammonium, 395 
monethylic acid, 621 
nitrile, 256 

Phosphonium iodide, 254 
Phosphor-bronze, 412 
Phosphorescence, 242 
Phosphoric acid, 247, 249, 250 
glacial, 248 
anhydride, 248 
"ether, 621 
Phosphorised oil, 243 
Phosphorite, 240, 247 
Phosphorous acid, 251 

anhydride, 250 
Phosphorus,’ 240 

action of potash on, 253 

of, on other elements, 245 
allotropic Varieties, 244 
amorplious, 244 
and oxygen, 29 
bases, 633 
bromides, 255 
burnt under water, 183 
chlorides, 255 
cyanide, 683 
fluoride, 255 
fuze composition, 247 
iodides, 255 
match-bottle, 243 
oxides, 247 
oxychloride, 255 
pentachloride, 255 
red, 244 
suboxide, 252 
sulphides, 256 
sulphochloridc, 255 
tetroxide, 251 
trichloride, 254 
vitreous, 242 
Phosphoryl chloride, 255 
Phosphotriamide, 256 
Phosphurets, 245 
Phosphuretted hydrogen, 253 
Photographic baths, silver recovered, 453 
printing, 231, 454 
Photo-reduction, 454 
salts, 453 
Phthalic acid, 596 

anhydride, 596 
Phthalophcnone, 704 
Phthalyl dichloride, 618 
Phycite, 560 
Phyllocyanin, 729 
Phylloxanthin, 729 
Physetoleic acid, 579 
Physical properties, 10 
Physostigmine, 762 
Phytosterin, 743 
Plcnometer, 135 
Picolines, 746 
Plcramic acid, 692 
Picrates, 692 
Picric acid, 692 
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Picrotoxiu, 728 
Pig iron, 363, 364 
Pilocarpine, 762 
Pimelic acid, 570 
Pimple metal (copper), 437 
Pinacones, 558 
Pine-apple flavouring, 623 
Pinene, 539 
Pink salt, 415 
Pins, tinned, 410 
Pipe clap, 347 
Piperazine, 642, 746 
Piperic acid, 753 
Piperidine, 754 
Piperine, 753 
Pipette, curved, 93 
Pit charcoal, 490 
Pitch blende, 397 
Plants, nutrition of, 797 
Plaster of Paris, 333 
Plate-powder, 334 
Platinamine, 468 
Platina muriate, 467 
Platinates, 466 
Platinic chloride, 466 
hydroxide, 466 
iodide, 468 
Platinicyanides, 677. 

Platinised asbestos, 153 
Platinochlorides, 467 
Platinocyanides, 677 
Platinoid metals reviewed, 472 
Platinous chloride, 467 
Platinum, 463 

amalgam, 457 
ammonio-chloride, 467 
arsenide, 469 
black, 465 
chlorides, 465 ’ 
corroded, 245, 465 
crucible heated, 124 
cyanides, 677 
fulminating, 466 
ores, analysis, 472 

treatment of, 463. 
oxides, 466 
phosphide, 469 
properties of, 464 
spongy, 464, 465 
stills, 225 
sulphides, 468 
tetrachloride, 466 
Platosamine, 468 
Pleonaste, 378 
Plumbago, 71 
Plumbic oxide, 427 
Pneumatic trough, 97 
Poison, cumulative, 430 
Polarised light, 767 
Pole, negative and positive, 12 
Pollux, 326 
Polychroite, 730 
Polyhalite, 338 

Polyhydroxy-monobasic acids, 587 
Polymeric, 519 
Polymerides, 519 
Polymerism, 519 
Polyoses, 705 
Polysaccharides, 705 
Poplar, oU of, 538 
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Fopnlin, 726 
Forcdlnin, 4S1 

glazed, 482 
painting:, 482 
Porous cell, 12, 23 
Porphyry, 351 
Porter, 787 

Porter-Clart process, 56 
Portland cement, 485 
stone, 485 

Port wine crust, 788 

effect of keeping:, 788 
Position-isomerism, 527 
Positive cliange, 284 
pole, 12 

PotasTi-dlhile, 351 
Potash, 307 

bichromate, 390 
bulbs, 508 
caustic, 307 
red prussiato, 673 
Potassimido, 160 
Potassium, 30b 

action on water, 16 
antimonate, 403 
antimonyl tartrate, 599 
antimony oxalate, 593 
arsenito, 261 
aurate, 477 
aurlcj’anldo, 676 
aurooyanide, 676 
bicarbonate, 307 
bisulphate, 311 
bitartrate, 307 
blowpipe, test for, 309 
bromate, 188 
bromide, 310 

calcium chromic oxalate, £93 
carbethylate, 621 
carbonate, 306 - 
carbon monoxide, 309 
carbovinate, 621 
chlorate, 179, 310 
chloride, 310 
chlorochromate, 394 
chromate, 392 
chromic oxalate, 593 
chromicyanide, 675 
cobaltic nitrite, 382 
cobalticyanide, 671 
cobaltocyanide, 671 
cyanate, 681 
cyanide, 669 
dichromate, 390 
dimetantimonate, 403 
ferric ferrocyanide, 672 
ferricyanide, 673 
fenecyanlde, 667 
ferrous ferrocyanide, 672 
ferrous oxalate, 592 
fluoride, 310 
fulminurate, 689 
guaiacol, 694 
hydride, 309 
hydrosulphide, 311 
hydroxide, 307 
iodate, 195, 310 
iodide, 195, 310 
isocyanate, 681 
isothlooyanate, 683 


I Potassium manganate, 388 
I manganicyanide, 675 

manganooyanide, 675 
mercaptlde, 554 
metantimonato, 403 
metastannato, 413 
myronate, 684 
nitrate, 311, 485 
nitrite, 154 
nitroprusside, 675 
oloate, 580 
osmate, 470 
osmiamato, 471 
oxalates, 592 
oxides, 309 
petclvlorute, 310 
permanganate, 388 
perosmate, 470 
peroxide, 309 
phenol, 690 
phenyl-sulphate, 620 
plcratc, 692 
platinochloride, 467 
platinocyanidc, 677 
pyrosulphate, 311 
quadroxalate, 592 
saccharate, 60I 
silicofluoride, 202 
sulphates, 229, 311 
sulphWes, 31.1 
sulphooyauide, 682 
tannate, 590 
tartrate, 599 
tartryl-antimonite, 600 
test for, 49 
thio-arsenite, 266 
thiocyanate, 682 
trichromatc, 393 
tri-iodide, 310 
trithionate, 232 
urate, 748 
xanthato, £55 

Potato, composition of, 784 
spmt, 552 
starch, 784 

extraction of, 784 

Pottery, 481 
Praseo-dymium, 334 

cobalt salts, 384 
Press cake, 492 
Pressure of gases, 2£ 
osmotic, 292 
Preston salts, 323 
Primary compounds, ££o 
Producer-gas, £06 
Promethean light, 183 
Proof spirit, £47 , 

Piopaue, 5x7 

constitution of, £14 
Propargyl alcohol, ££3 
chloride, 615 
Propene dichloride, ££8 
Propenyl, ££3 

alcohol, ££o 
glycerol, ££8 
Propine, £24 
Propinyl alcohol, ££3 
Propiolic acid, £81 
Propione, 6o£ 

Propionic acid, £73 
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Propionitrile, 679 
Propyl alcohols, 551 
aldehyde, 564 
benzoic acid, 583 
carbinol, 552 
hydride, 517 

tetra-hydro-pyridine, 754 
Propylene, 522 
Propylic acid, 575 
ether, 610 
Protag-on, 741 
Proteids, 734 

Protein, 734 / 

Protocatechuic acid, 589 
Protopine, 756 
Proustite, 257 

Proximate organic analysis, 5C7 
Prussian blue, 672 

soluble, 672 
green, 694 

Prussiate of potash, 98, 667 
Prussic acid, 668 
Psendaconine, 761 
Pseudaconitine, 761 
Pseudobntylene, 522 
Pseudocarbons, 72 
Pseudojervine, 761 
Psendonitrol, 551 
Pseudosulphocyanogen, 683 
Psilomelane, 387 
Ptomaines, 642, 736 
Ptyalin, 802 
Puddled bars, 367 
steel, 372 
Puddling, 366 
PulTis fulminans, 489 
Pumice stone, 347 
Purbeok stone, 485 
Purple of Cassius, 478 
Purpureo-cobalt salts, 384 
Purpnrin, 701 
Purrde, 730 
Pus, 741 

Putrefaction, 806 
Pntrescine, 642 
Putty powder, 413 
Pyrazine, 746 
Pyrazole, 744 
Pyrazolones, 744 
Pyi-ene, 538 
Pyridine, 745 

carboxylic acid, 755 
dicarboxylic acid, 746 
series, 755 
Pyrimidines, 746 
Pyrites, arsenical, 257 
burners, 222 
capillary, 386 
efflorescent, 220 

extraction of sulphur from, 205 

Fahlun, 238 

“on, 3S7, 380 

magnetic, 380 

oxidation in air, 220 

radiated, 380 

spent, 437 

white, 220 

Pyroacetic spirit, 604 
Pyroarsonic acid, 262 
Pyroboric acid, 129 
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Pyrooatechol, 589. 693 
Pyrocitric acids, 596 
P3TOComenic acid, 602 
Pyrogallic acid, 696 
Pyrogallin, 696 
Pyrogallol, 590, 696 

-pbthalein, 696 
PyroUgneous acid, 572 
ether, 548 
Pyrolusite, 386 
Pyromucic acid, 602 

aldehyde, 565 
Pyrone, 746 
Pyrophoric iron, 98 
Pyrophorns, lead, 427 
Pyrophosphates, 250 
P^ophosphorio acid, 250 
Pyroracemic acid, 598, 605 
aldehyde, 605 
P3’rosulphuric acid, 220 
Pyrotartaric acid, 594 
Pyroterebic acid, 579 
Pyrotritartaric acid, 598 
Pyroxanthin, 549 
Pjroxylic spirit, 548 
Pyroxylin, 720 
Pyrrol, 743, 744 
-red, 744 
Pyruvic acid, 624 


Quadrivaient elements, 10 
Qnantivalence, 10 
Qusrtation of gold, 476 
Quarts, 121, 346 

artificial, 123 
Quassia, 728 
Quassiin, 728 
Quercetin, 728 
Quercitannio acid, 590, 778 
Quercitrin, 728 
Quercitron, 777 
Quicklime, 50, 332 
Quicksilver, 454 
Quinaldine, 747 
Qutnamine, 758 
Quince oil, 623 
Quinhydrone, 699 
Quinic acid, 591, 698 
Qninicine, 759 
Quinidine, 759 
Quinine, 758 

amorphous, 759 
sulphates, 759 
Quinoidinc, 759 
Quinol, 695 

-dicarboxylic acid, 699 
Quinolinic acid, 746 
Quinoline, 746 

bases, 746 
blue, 747 
cyanine, 746 
red, 747 
yellow, 747 
Quinone, 698 

ohlorimides, 699 
Quinones, 6g8 
Quinonoid structure, 702 
Qninotannic acid, 590 
Quinguivalent elements, 10 
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Eacemates, 600 
Eacomic acid, 600 
Eadiant matter spectroscopy, 305 
Eadicles, 148, 512 

alcohol, 548 
alhyl, 575 
aromatic, 532 
organic, 512 
Eaffinose, 712 
Eaisins, 706 
Eancid butter, 780 
oils, 779 

Eaoult’s method, 295 
Eape-cake, 798 
Bare earths, 354 
Eational formula;, 511 
Eeaetions, complete, 284 
reversible, 283 
Realgar, 265 

Edaumur’s porcelain, 480 
Eeciprocal combustion, 45 
Red antimony ore, 405 
copper ore, 434 
dyes, 776 
fire, 181 
lead, 428 
lead ore, 392 
ochre, 356 
orpiment, 265 
paints, 462 
precipitate, 457 
prussiate of potash, 673 
sanders-wbod, 730 
-shortness, 369 
silver ore, 454 

sulphide of antimony, 232, 405 
sine ore, 340 
Eedonda phosphate, 352 
Eeduced, 35 

Eeducing blowpipe flame, 117 
Eeduotlon by carbonic oxide, 98 
on charcoal, 117 
Eefinery, iron, 365 
Eefraction equivalent, 767 
of saltpeti’e, 486 
Eefi’active power, 767 
Eefrigerator, Carrd’s, 136 
Eegulus, 435 

of antimony, 401 
Eennet, 738, 793 
Eesins, 543 

Eesists (calico-printing), 777 
Eesorcinol, 694 
Eesorcin-phthalein, 695 
Eespiration, 86 
Eetene, 538 
Eetort, 59 

Eevetsed condenser, 557 

Eeversible reactions, 283 

Eeverted phosphate, 335 

Eeview of the non-metals, 267 

Eha;adine,-756 

Ehamnose, 706 

Ehamno-hexose, 708 

Ehigolene, 515 

Ehodinm, 469 

Eiboso, 706 

Eice, 784 

Eicinoloic acid, 587 
Einmann’s green, 383 


Eising of broad, 790 
Eiver-watcr, 50 
Boasting, chlorinating, 437 
moat, 796 
sulphides, 215 
Eooholle salt, 599 
Rock crystal, 120 
moss, 695 
oil, 515 
salt, 31 1 

Eoman cement, 485 
Eosaniline, 703 

acetate, 775 
salts, 703 

Eoseo-cobalt salts, 384 
Eosette copper, 437 
Eosewood, oil of, 538 
Rosiclers, 454 
Eosin, 542 

soap, 782 
Eosocyanin, 730 
Eosolic acid, 704 
Eolation of crops, 799 
Eongc, 730 
Euberythric acid, 700 
Eubidine, 745 
Eubidium, 326 
Eubijerr’ine, 761 
Ruby, 349 

glass, 481 

Eue, essential oil of, 605 
Eufigallic acid, 590, 702 
Euhmkorff’s induction coil, 14 
Bum, 789 
Bust, 140, 376 

-joint cement, 210 
Busty deposit in waters, 55 
Euthenic anhydride, 471 
Ruthenium, 471 
Eutic, aldehyde, 564 
Rutile, 416 
Eutin, 728 
Eye-flour, 790 

Sacchakatzs, 601, 602 
Saccharic acid, 601 
Saccharides, 705 
Saccharine, 648 
Safety-lamp, Davy’s, 107 
Safflower, 730 
Saffron, 730 
Safranines, 747 
Sagapenum, 695 
Sago, 784 
Salad oil, 779 
Sal-alembroth, 459 

ammoniac, 125, 324 
SaUgemme, 312 
Salicin, 726 
Salicyl alcohol, 726 

aldehyde, 565, 567 
, chloride, 618 
Salicylates, 588 
Salicylic acid, 588 

chloride, 618 
Sallgenin, 726 
Saline waters, 58 
Saliretin, 726 
Saliva, S02 
Salol, 624 
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Sal-polychrest, 229 
priinelle, 488 
volatile, 323 
Salt as mamire, 799 
cake, 314 
common, 312 
defined, 33 
electrolysis of, 317 
-n-ardens of Marseilles, 313 
-glazing, 483 
of lemons, 592 
of sorrel, 592 
of tartar, 599 
Salting of meat, 796 
Saltpetre, 311, 485 

as manm’O, 798 
cubical, 486 
-flour, 487 
impurities in, 486 
made from sodium nitrate, 486 
prismatic, 486 
properties, 488 
reflning, 487 
tests of purity, 488 
Salt-radicles, 203 
Salts, acid, 158 
basic, 159 

constitution of, 158, 159 
double, 159 
electrolysis of, 299 
baloid, 203 
normal, 158 
Samarskite, 354 
Sand, 121 

Sandarach resin, 543 
Sandemeyer’s reaction, 661 
Sandstone, 484 

Craigleith, 484 
Sanitas, 538 
Santalin, 730 
Santonic acid, 728 
Santonin, 728 
Sap of plants, 800 
Saponification by steam, 783 

sulphuric acid, 625, 783 
of ethereal salts, 619 
theory of, 782 

Saponin, 728 
Sappan ivood, 731 
Sapphire, 349 
Sarcine, 751 
Sarcolaotic acid, 585 
Sarcosine, 654 
Sassasfras nuts, 576 
Satin spar, 331 
Saturated hydrocarbons, 513 
solution, 47 

Savin, essential oil of, 538 
Saxony blue, 732 

Scammony, 728 ' 

Scandium, 354 

Scarlet dyes, 776 

Scheele’s green, 261 

Scheelite, 396 

Schlippe’s salt, 406 

Schultze’s powder, 724 

Schweitzer’s reagent, 718 

Scotch peblles, 120 

Scott’s cement, 485 

Scrubber, 772 


Scurvy-grass, oil of, 686 
Seal oil, 780 
Sea-water, 58 

extraction of salts from, 312 
weed, 798 
Sebacic acid, 580 
Secretion, 803 
Sedative salt, 127 
Seeds, composition, 800 
germination, 801 
Seignetto’s salt, 599 
Sel d’or, 478 
Selective absoriition, 768 
Selenie acid, 238 
Selenides, 238 
Selenietted hydrogen, 239 
Solenious acid, 238 
Selenite, 332 
Selenium, 238 
Self-reduction, 420 
Sellaite, 200 
Seltzer water, 58 
Semi-water gas, 506 
Senarmontite, 402 
Separating funnel, 103 
Sericiu, 740 
Serin, 740 
Serpentine, 338 
Serum, 794 
Sesqui-terpenes, 538 
Shaft, downcast and upcast, 88 
Shale oils, 516 
Shamoying, 778 
Shear steel, 373 
Sheep-dipping composition, 261 
SheU-Iac, 734 
Sherry, 788 
Shoddy, 719 
Shot, 426 ■ 

Sicilian sulphur, 204 
Side-chains, 532 
Siderite, 379 

Siemen’s regenerative furnace, 505 
-Martin steel, 369 
Sienna, 347 

Signal-light composition, 265 
Silica, 120 

amorphous, 123 
crystalline, 123 

dissolved by hydrofluoric acid, 199 
gelatinous, 202 
Silicated soap, 782 
Silicates, 125 
Silicic acid, 123 
ether, 621 
Sillcium, 125 

ethide, 632 
methide, 632 
Silico-acetic acid, 632 
chloroform, 185 
fluoric acid, 202 
nonane, 632 
nonyl-alcohol, 632 
propionic acid, 632 
Silicon, 120 

amorphous,' 121 
carbide, 127 
chloride, 185 
disulphide, 236 
ethylates, 632 
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SUicon fluovicles, 2Q1 
fused, 126 
grajJlutoid, 126 
hydride, 127 
nitride, 126 

organic compounds of, 632 
• tetrabromide, 191 
tetrametUide, 632 
tetrethide, 632 
tribromoclilorido, igi 
Silicone, 127 
Silk-geiatin, 740 
Silver, 447 

acetate, 573 
acetylidc, 523 
allotropic, 451 
amalgam, 457 
ammonio-nitratc, 452 
arsenate, 454 
arsenite, 261, 454 
bromide, 453 
carbonate, 452 
chlorides, 452 
chromates, 392 
cleaned, 213 
coin, 449 
colloidal, 451 
crucibles, 451 
cyanide, 675 
detected in lead, 423 
extracted by amalgamation, 448 
from copper ores, 448 
lead, 422 
ferricyanidc, 674 
ferrocyauide, 674 
fluoride, 454 
frosted, 449 
fulminate, 688 
fulminating, 451 
fusing point, 450 
glance, 454 
hyponitrite, 157, 452 
hyposulphite, 231 
iodide, 194, 453 
meconate, 602 
motaphosphate, 249 
native, 447 
nitrate, 451 
nitride, 451 
nitrite, 452 
ore, red, 454 

orthophosphate, 249, 454 
oxalate, 593 
oxides, 451 
oxidised, 449 
paracyanide, 676 
periodate, 195 
phosphate, 454 
photo-salts, 453 
plate, 449 

pure, preparation of, 450 
pyrophosphate, 250 
refining, 424 
solder, 449 
sprouting of, 450 
standard, 449 
sub-chloride, 453 
snlphantimonate, 454 
sulpharsenite, 454 
sulphates, 454 


Silver sulphide, 454 
sulphite, 4S4 
tarnished, 213 
tartrate, 599 
tree, 457 
Silvering, 449 
Simple solution, 47 
Siunamlno, 685 
Siphon eudiometer, 41 
Size, 740 
Skatole, 733 
Skraup’s method, 746 
Slag blast-furnace, 360 
iron-refinery, 365 
lead-furnace, 420 
ore-fumace, 435 
puddling furnace, 368 
refinery (copper), 436 
roaster (copper), 437 
Slaked lime, 332 
Slaking of lime, 50, 332 
Slate, 347 
Slow port fire, 488 
Smalt, 383 
Smelling-salts, 323 
Smitlisonite, 343 
Smoke, 79 

Smokeless gas burners, 114 
powder, 50Q 

Smut, 444 
Snow, 59 
Snnfl, 755 
Soap, 781 

arsenical, 261 
Castile, 782 
glassmaker’s, 481 
mottled, 782 
white curd, 577 
yellow, 782 
Soda, 317 

action on hard waters, 54 

ash, 314 

caustic, 317 

-lime, 508 

-lye, 317 

manufacture, 314 
washing, 316 
-waste, 315 
-water, 89 
Sodacetio ether, 622 
Sodamide, 160 

Sodium potassium tartrate, 599 
Sodium, 311 

acetate, 574 
acetylide, 523 
action on water, 18 
aluminate, 350 
amalgam, 139 
ammonium racemate, 600 
and oxygen, 32 
anthrapurpurate, 701 
arsenates, 320 
arsenite, 261 
aurochloride, 478 
bicarbonate, 313 
borate, 320 
Carbonates, 313 
Castner’s process, 318 
chloride, 319 
dichromate, 392 
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Sodium, equivalent weight, 17 
ethoxide, 546 
extraction, 318 
fluoride, 319 
fulminate, 689 
glycol, 557 
hydride, 318 
hydrosulphite, 319 
hydroxide, 317 
hypochlorite, 178 
hypophosphite, 251 
hyposulphite, 319 
line in spectrum, 304 
manganate, 388 
metaphosphate, 250 
nitrate, 321, 486 
nitride, 162 
nitroprusside, 674 
oleato, 580 
oxalate, 592 
pahnitate, 782 
pentasulphlde, 232 
periodate, 195 
permanganate, 388 
peroxide, 319 
phenol, 691 
phenoxlde, 689 
phosphate, 320 
platinate, 466 
platinochloride, 467 
potassium aUoy, 318 
pyroborate, 320 
pyrophosphate, 320 
pyrosulphate, 319 
silicates, 321 
sodiolaotate, 585 
stannate, 413 
stannite, 413 
stearate, 577 
sulphantimoniate, 215 
sulpharseniate, 215 
stUphates, 319 
sulphides, 319 
sulphite, 219, 319 
sulphostannate, 215 
tetrathionate, 232 
thiophosphate, 319 
thiosulphate, 230 
tungstate, 396 
urate, 748 
SoflSoni, 128 
Softening waters, 56 
Soft soap, 580, 782 
water, 52 

Soils, absorptive power of, 797 
carbonic acid in, 81 
formation of, 797 
impoverished, 797 
iron in, 377 
Solanine, 756 

Solder, 41 1 \ 

brazier’s, 441 \ 

silversmith’s, 449 
Soluble glass, 321 
Solution, 47 

Solutions, freezing points of, 295 
isotonic, 294 
nature of, 292 
solidified, 410 
vapour pressure of, 296 


Solvay’s process, 315 
Sombrerite, 334 
Soot, 79 

as manure, 799 
Sorbic acid, 581 

series of acids, 569, 581- 
Sorbinose, 708 
Sorbitol, 561 
Sorrel, salt of, 592 
Sovereign, 475 
Sozoldol, 693 
Spanish black, 72 
Sparkling wines, 89 
Sparteine, 755 
Spathic iron ore, 355, 356 
Specific gravity of gases, 21, 28, 271 
liquids, 59, 135 
solids, 59 

heat and atomic weight, 272, 273 
refractive power, 767 
rotatory power, 767 
volume, 766 
Spectroscope, 304 

use of, 303 
Spectroscopy, 302 
Spectrum analysis, 303 
Specular iron ore, 356 
Speculum metal, 412 
Speiss, 383 
Spelter, 342 
Spent oxide, 437, 773 
Spermaceti, 780 
Sperm oil, 780 
Spheroidal state, 217 
Spices, preservative eftect of, 805 
Spiegeleisen, 387 

Spinelle, 349, 378 ' 

Spirit, methylated, 547 

of hart’s horn, 136 
of salt, 162 
of turpentine, 538 
of wine, 544 
proof, 547 
Spirits, 787 

Spiritus rectificatus, 547 
tenuior, 547 
Spodiimene, 325 
Spongin, 740 
Spongy platinum, 465 
Spontaneous combustion, 30 
Springs, petrifying, 54 
Spring water, 51, 89 
Sprouting of silver, 450 
Stalactites and stalagmites, 55 
Standard gold, 475 
Stannates, 413 
Stannic acid, 413 

anhj^dride, 413 
arsenate, 416 
bromide, 415 
chloride, 414 
ethlde, 636 
nitrate, 414 
oxide, 413 
phosphate, 416 
sulphate, 416 
sulphide, 415 
Stannous chloride, 414 
ethide, 636 
nitrate 414 
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StaimoiiB o:dde, 413 

sulphide, 415 
Star antimony, 400 
Starch, 715, 784 

animal, 717 
cellulose, 716 
commercial, 715 
extraction, 715 
iodised, 194 
-paste, preparation, 62 
soluble, 716 
-sugar, 706 
varieties of, 715, 784 
Sfas^urtite, 338 
Stavesaore, 762 

Steam, composition by volume, 42 
decomposed by carbon, 97 

chlorine, 167 
electric sparks, 14 
heat, 15 

latent heat of, 281 
specific gravity calculated, 60 
Stearates, 577 
Stearic acid, 577 

aldehyde, 564 
Stearin, 577, 627 

candles, 577 
Stearocutic acid, 725 
StearoUo acid, 581 
Steatite, 338 
Steel, 371 

-- annealing, 374 
Bessemer, 370 
blistered, 373 
cast, 373 
crucible, 373 

distinguished from iron, 375 
hard, 371 
hardening, 372 
influence of impurities, 375 
made with coal gas, 369 
manufacture, 371 
mild, 37X 
shear, 373 
tempering, 374 
tungsten in, 375 
Whitworth’s, 374 
Stereochromy, 321 
Stereo-isomerides, 586 
Stereo-isomerism, 586, 601 
Stereotype metal, 399 
Sferro-metal, 441 
Stibethy], 635 
Stibines, 635 
Stibiopentamethyl, 635 
Stibiotriethyl, 635 
Stibiotrimothyl, 635 
Siibnite, 400 
Stilbene, 535 
Still, 58 

Stone, artificial, 321 
-coal, 80 
decayed, 484 

preservation of, 484 , 

test of durability, 484 
-ware, 483 
Storax, 543, 624 
Stout, 787 
Straits tin, 409 
Stramonium, 755 


Stream tin ore, 407 
Strontla, 330 

-process for sugar-refining, 709 
Strontianite, 329 
Strontium, 329 

carbonate, 329 
clilorido, 330 
dioxide, 330 
bj'droxide, 330 
minerals, 329 
nitrate, 330 
sulphate, 330 
sulphide, 329 

Structural formula;, 156, 51 x 
Strychnine, 760 

methylium hydroxide, 760 
Strychnos alkaloids, 760 
Stucco, 335 
Stupp, 538 
Styphnio acid, 695 
Styracin, 624 
Styrolene, 524, S 33 ' 

Suberic acid, 570 
Sublimate, corrosive, 459 
Sublimation, 133 
Sublimed sulphur, 205 
Substantive dyes, 662 
Substitution-products, 514 

rules concerning, 532 
Succlnamic acid, 649 
Sucelnamido, 649 
Succinic acids, 593 

anhydride, 593 
series of acids, 570, 591 
Succinimide, 649 
Succinyl dichloride, 618 
Succussion, 225 
Sucrates, 7x0 
Sucrose, 708 
Snerotetranitrate, 71 1 
Suet, 627 
Sugar, 708 

artificial, 7x4 
barley, 7x0 
beetroot, 708 
-candy, 709 
cane, 709 
extraction, 709 
-lime, 7x0 
loaf, 709 
maple, 709 
of flesh, 697 
of fruits, 707 
of gelatine, 654 
of lead, 573 
of manna, 56X 
of milk, 7x1 
refining, 709 
starch, 706 
synthesis of, 7x4 
uncrystalllsable, 709 
Sugars, 70s 0/1 ; 

constitution of, 712 “ 
isomerism among, 7x3 
optical properties, 707 
sj-nthesis of, 714 
Snint, 799 

Snlphamylic acid, 620 
Sulphanillc acid, 644 
Snlpharsenates, 266 
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Sulphates, 228 
Sulphethylates, 620 
Snlphethyllc acid, 607, 619 
Sulphides, 214 

action of air on, 215 
formation of, 210 
Stilphindigotic acid, 168, 732 
Sulphindylic acid, 732 
Sulphines, 555 
Sulphinic acids, 628 
Sulphites, 219 
Sulpho- See also Thio- 
Sulphohenzide, 691 

carbonates, 235 
carbonic acid, 235 
cyanates, 682 
cyanic acid, 682 
cyanic glyceric acid, 625 
methylates, 619 
methylic acid, 619 
palmitic acid, 783 
phosphates, 256 
phosphoti'iamide, 256 
stearic acid, 783 
urea, 652 
vinic acid, 619 
Sulpholeic acid, 783 
Sulphonal, SSS 
Sulphonamides, 648 
Sulphones, 555 
Sulphonic acids, 627 
Sulphur, 204 

-acids, 214 

action of alkalies on, 210 
lime on, 215 
alcohols, 554 
allotropio states of, 208 
amorphous or insoluble, 207 
and oxygen, 31 
bases, 216 
chlorides, 237 
dimorphous, 208 
dioxide, 217 
distilled, 205 
ductile, 208 
electro-negative, 209 
positive, 209 
extraction, 205 

from soda-waste, 316 
flowers of, 205 
■ for gunpowder, 491 
iodides, 237 
milk of, 207 

occurrence in nature, 204 

octahedral, 209 

ores, 204 

oxides, 216 

plastic, 208 

prismatic, 209 

properties, 207 

recovered, 316 

refining, 205 

roll, 206 

rough, 205 

-salts, 214 

sublimed, 205 

uses, 207 

vapour density, 210 
washed, 491 
Sulphureous waters, 58 


Sulphuretted hydrogen, 211 
Sulphuric acid, 220 

action on copper, 216 
fats, 783 
metals, 227 
organic matters, 
227 

anhydro-, 220 
anhydrous, 227 
composition of, 227 
concentrated, 224 
dihj'drated, 226 
diluted, turbidity of, 225 
distillation of, 225 
fuming, 220 
glacial, 226 
manufacture, 222 
monohj'drated, 226 
Nordhausen, 220 
solidified, 226 
vapour density, 228 
anhydride, 227 
other, 606 

Sulphuring casks, 218 
Sulphurous acid, 218 

properties, 217 
anhydride, 216 
Sulphuryl, 219 

chloride, 219 
Sumach, 591 

Superphosphate of lime, 334 
Supersaturated solutions, 48 
Swedish iron ore, 356 
Sweet oil, 779 

spirit of nitre, 621 
Syenite, 352 

Sylvesti-ine, 540 , 

Symbols, 7, 8 

Symmetrical substitution-products, 530 
Sympathetic ink, 50, 383 
Synaptaso (emulsin), 566 
Synthesis of acids of the acetic scries, 
623 

organic compounds, 100, 523 
water, 38 

Tabasheer, 121 
Tayilite, 444 
Talc, 338 
Tallow, 627 
Taloses, 708 
Tank liquor, 317 
waste, 230 
Taniiates, 590 
Tannic acid, 590 
Tannin, 590 
Tanning, 777 
Tannomelanie acid, 589 
Tantalite, 406 
Tantalum, 406 
Tap-cinder, 368 
Tapioca, 784 
Tar-charcoal, 491 
coal, 774 
Tartar, 598 

-emetic, 402, 599 
salt of, 307 
Tartaric acid, 598 

anhydride, 598 
Tartralic acid, 598 
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T.\rtratcs, 599 . 

Tartrelio acid, 598 
Tartronic acid, 597 
Tartrouj-l urea, 749 
Tartrj’l antimonious acid, 600 
antimouitos, 600 
Taurine, 659 

syntliesis of, 659 
Taurocarbamic acid, 659 
Taurocholic acid, 743 
Tautomcrisni, 680 
, Tawing-, 778 
Tea, composition, 791 
Teeth, artificial, 334 
Telluretted hydrogen, 239 
Telluric acid, 239 
Telluridcs, 239 
Tellurium, 239 
Tellurous acid, 239 
Temper spoilt, 375 
Tempering, colours in, 374 
Tenacity of iron, 357 
Tennantite, 257 
Terhia, 354 
Terehenthene, 539 
Terephthalic acid, 596 
Terne plate, 410 
Terpenes, 538 
Terpinene, 539 
Terpineol, $39 
Terpin hydrate, 539 
Torpinolene, 540 
Terra japonica, 589 
Tertiary alcohols, 550 
amines, 639 
benzene ring, 697 
butyl alcohol, 550 
Test tube, 37 
Tetanine, 752 
Tetrachlorethcr, 609 
Tetrachlorobeuzene, 526 

hydroquinone, 699 
, methane, 517 

quinone, 699 
Tetrad elements, 10 
Tetrahydric alcohol, 560 

hydroxy-anthraquinono, 701 
Tetramethyl-alloxantin, 753 

-ammonium hydroxide, 640 
arsonium hydroxide, 634 
iodide, 634 
benzene, 532 
methane, 519 
murexide, 753 
stibouium hydroxide, 635 
thionino chloride, 645 
Tetramines, 638 
Tctrathionic acid, 233 
Tctratomic molecules, 289 
Tctrazodiphenyl, 663 
Tetrethyl ammonium hydroxide, 641 
Tetrethylium hydroxide, 641 
iodides, 641 

Tetrethyl-phosphonium hydroxide, 633 
iodide, 632 

Tetrethyl-stibonium hydrosalphide, 635 

Tetrolio acid, 581 

Tctroscs, 607 

Thalleiochln, 759 

Thallino, 747 


Thallium, 432 

cthoxiac, 546 
Thebaine, 756, 758 
Theino, 752 
Thinardite, 319 
Theobromine, 752 
Thermochemistry, 280 
Thiloricr’s apparatus, 91 
Thiazines, 747 
Tbio-alcohols, 554 

antimonates, 405 
arsenates, 266 
arsenites, 266 
carbamic acid, 652 
carbamide, 652 
carbanillde, 652 
carbimides, 684 
carbonates, 235 
chromites, 394 
cyanic acid, 682 
cyanates, 683 
diphenylamme, 645 
ether, 554 
ethylates, 555 
phenol, 691 

phosphoryl chloride, 2515 
resorcinol, 695 
sulphates, 230 
Thionic acids, 232 
Thionine hydrochloride, 645 
Thionyl, 219 

chloride, 219 
Thiophen, 744 
Thio-stannates, 415 
Thio-sulphuric acid, 230 
Thiotolen, 744 
Thioxylen, 744 
Thomas-Gllchrist process, 371 
slag, 799 

Thoria, 417 
Thorium, 417 
Thorite, 417 
Thulia, 354 

I Thyme, essential oil of, 538 
Thymol, 693 
Tiglic acid, 579 
Tile copper, 435 
Tiles, 484 
Tin, 407 

alloys of, 41 1 
amalgam, 457 
binoxide, 413 
bisulphide, 415 
boiling, 408 
crystals, 414 
dichloride, 414 
dimethyl iodide, 636 
disulphide, 415 
dropped, 409 
foil, 409 
grain, 409 
hexethidc, 637 
impurities, 412 
metallurgy of, 408 
nitromunate, 414 
ores, 407 
oxides, 413 
oxychloride, 414 
plate, 409 
properties of, 409 
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Tin protoohloride, 414 
prolosulpMde, 415 
protoxide, 413 
pure, 412 
pyrites, 416 
salts, 414 
sesquioxide, 414 
Btaunate, 414 
stone, 413 
tetracWoride, 414 
tetramethide, 636 
tetrethlde, 636 
-tree, 414 

trimethyl-iodide, 636 
Tincai, 127, 320 
Tinned iron, 409 
Tinning brass, 410 
copper, 410 
Tinioliite cohalt, 382 
Titanic acid, 416 
iron, 356 
oxide, 416 
Titanium, 416 

salts, 416 

Toast, 716 
Tobacco, 7SS 
Totay, 788 
Tolane, 535 

Tolu, essential oil of, 338 
Toluene, 533 
Toluic acid, 583 
Toluidines, 645 

dichloride, 503 
dihydrate, 503 
Toluylene, 535 

reds, 747 

Tolyl, 532 

diphenylmethane, 703 
Tonka-bean, 591 
Topaz, 200, 349 
Torhane-hill mineral, 516 
Touch-paper, 488 
Touchstone, 148 
Toughening steel, 374 
Tourmaline, 200 

artificial, 759 
Tous-les-mois, 716 
Toxines, 642 
Trans-form, 595 
Trap-rock, 352 
Treacle, 709 
Tree-wax, 781 
Trehalose, 711 
Triacetin, 627 
Triad elements, 10 
Triallyl melamine, 685 
Triamidotolyldiphenyl carbinol, 703 
Triamidotriphenylmethane, 703 
Triamines, 638 
Triatomic molecules, 289 
Triazoacotio acid, 660 
Tribasic phosphates, 250 

phosphoric acid, 250 
Triborethyl, 632 
Tribromhydrln, 614 
Tribromophenol, 690 
Tributyrln, 627 
Tricarballylic acid, 602 
Trichloracetic acid, 574 
aniline, 644 


Trichlorhydrin, 614 
Trichlorobenzene, 526 

hydroquinone, 699 
propane, 614 
pyrogallol, 696 
qninone, 699 
Tricyanhydrin, 602 - 

Triethylamine, 641 

phosphate, 621 
phosphine, 632 
sulphide, 633 
stibine, 635 

Triothylenc diamine, 642 
Triethylglycorine ether, 610 
Trihydric alcohols, 558 
Trihydroxy-anthraquinonc, 701 
benzene, 696 
benzoic acid, 559 
triphenyl-carbinol, 704 
methane, 703 

Tri-iodo-methane, 614 
Trilaurin, 627 
Trlmesic acid, 603 
Trimethylamine, 639 
arsine, 633 
ethylium iodide, 641 
nornarcotiue, 757 
phosphine, 633 
stibine, 635 

vinyl ammonium hydroxide, 642 
Trinltro-albumin, 736 
cellulose, 724 
phenol, 691 
phloroglucol, 697 
Trinitrosophloroglucol, 697 
Triolein, 627 
Trioses, 607 
Trioxindol, 733 
Tripalmitin, 627 
Triphane, 325 
Triphenylamine, 645 
Triphenylmethano, 535 

carboxylic acid, 703 
dyestuffs, 702 
Triphenylphosphine, 633 

phosphonium iodide, 633 
rosauiline, 703 
Triple phosphate, 338 
Trithionic acid, 232 
Trivalent elements, 10 
Trona, 317 
Tropic acid, 755 
Tropine, 755 
Tungstates, 396 
Tungsten, 396 
Tungstic acid, 396 
Tungstoborates, 397 
Tunicin, 725 
Turacine, 433 

Turbith or turbeth mineral, 458 
. Turkey red, 776 
Turmeric, 730 

action of boracic acid on, 129 
Turnbull’s blue, 672 
Turner’s yellow, 431 
Turpentine, 538 

action of nitric acid on, 148 
hydrates, 539 
hydrocarbons, 539 
In chlorine, 168 
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Turpetbin, 728 
Turquoise, 352 
Tuyfere pipes, 358 
Typo furniture alloy, 422 
metal, 399, 412, 426 
Types of chemical compounds, 179 . 
Typical oxides, 276 
Tyrosine, 658 
Tyrotoxicon, 660 

Ulmic acid, 719 
"Dltramarine, artificial, 352 
green, 352 
Unit of heat, 273 

volume and weight, 8, 9 
UmheUiferone, 695 
Umber, 347 

Unsaturated compounds, 99 

hydrocarbons, 520 
Upcast shaft, 88 
Uramil, 749 
Uranium, 397 
Uranyl, 397 
Urates, 748 
Urea, 650 

artificial formation, 650 
extraction from urine, 650 
hydrochloride, 651 
nitrate, 650 
oxalate, 651 
Ureas, compound, 652 
Ureldes, 652, 749 
Urethane, 652 
Uric acid, 747 

action of nitric acid on, 748 
Urine, composition, 796 
Uroxanic acid, 750 

VAcnuM-PAKS, 709 
Valency, 10, 174 
Valentinite, 402 
Valeral, 565 

Valerian, essential oil of, 538 
root, 576 

Valerianic acid, 576 
Valeric acid, 576 
, ' aldehyde, 564, 565 
Valeria, 780 
Valerone, 605 
Vanadlo acid, 406 
Vanadium, 406 
Vanillic acid, 589 

aldehyde, 565 
Vanillin, 565 
Van’t Hoff’s law, 294 
Vapour-densities, 288 

density determined, 270 
pressm-e of solutions, 296 
Varnishes, 543 
Vasculose, 725 
Vaseline, 516 
Vegetable brimstone, 108 

colouring matters, 730 
parchment, 719 
Vegetation, chemistry of, 796 
Velocities of molecules, 23, 288 
Venetian red, 377 
Venice turpentine, 538 
Ventilation, 87 
Veratralbiue, 761 


Veratrio acid, 694 
Veratrino, 761 
Veratrol, 694 
Verdigris, 574 
Verditer, 443 
Vermilion, 462 
Vert de Guignet, 393 
Vesta matches, 183 
Victoria orange, 693 
Victor Meyer’s apparatus, 271 
Vinasses, 639 
Vinegar composition, 512 
manufacture, 572 
Vinyl alcohol, 552 
chloride, 613 
Violet bronze, 397 
Lauth’s, 64s 
Viridino, 745 
Viscous fermentation, 787 
Vitriol, 219 

chambers, 221 
Vivianite, 380 
Volcanic ammonia, 320 
Voltameter, 40 
Volumes, law of, 269, 270 
standard, 9, 270 
Vulcanised rubber, 541 
Vulcanite, 541 

Wild, 387 

■Walls, efflorescence on, 483 
Washing precipitates, 124 
Wash leather, 778 
Watch-spring burnt in oxygen, 34 
Water, 38 

action on metals, 16 
analysis, ii 

chamioa} re^atioss oS, 45 
decomposed by battery, ii 
heat, 15 

distilled, 58 
electrolysis of, 12, 299 
from natural sources, 51 
-gas, 506 
hard, 52 

of constitution, 49 
crystallisation, 49 
oxygenated, 60 
physical properties of, 59 
purified, c8 
soft, 52 

synthesis, of, 38, 40, 43 
tested, 57 i. 

Waterproof cloth, 540 
felt, 540 

Waters, mineral, 58 
Water vapour, 60 
Wavcllite, 352 
AVax, bees’, 552, 623 
bleached, 781 
Cliinese, 552, 623 
Weights, standard, 271, 272 
AVeld, 777 
Welding, 369 

ATeldon’s chlorine process, 163 

manganese recovery process, 
-Pechiney process, 316 
Well-water, 51 
Welsh coal, 80 

Welsbach incandescent light, 418 
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Wcrmuth, 729 
Wliale oil, 780 
Wheat, 784 

sprouted, 7815 
Wheaten flour, 789 
Whey, 793 
tVhiskey, 789 
White antimony ore, 402 
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